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ABSTRACT 
Continuous cereal based crop rotation; inappropriate cultivation, burning 
and removing crop residues deteriorate soil physico-chemical characteristics and 
crop production in western plain of Pakistan. The objective of this study was to 
evaluate the effects of different tillage systems (TS) and corn stubble or residues 
management on soil physico-chemical properties, N dynamics and crop 
productivity. The study was conducted for two years at Cereal Crops Research 
Institute Pirsabak (34oN latitude, 72oE longitude and 288m altitude) Nowshera, 
Khyber Pakhtunkhwa, Pakistan. The treatments were laid out in a randomized 
complete block design with split plot arrangement having four replications in each 
year. The treatments of the experiment were three tillage systems (TS) i.e. 
reduced (10 cm); conventional (20 cm) and deep (30 cm) allotted to main plots, 
whereas the subplots were maize stubble management (SM) such as physical 
removal, burning and incorporation with and without N (120 kg ha-1) fertilizer 
application. Minimum tillage system had improved soil moisture retention (20.02 
%), soil bulk density, soil mineral N (13.23 mg kg-1 soil) and total nitrogen (0.75 g 
kg-1 soil), and soil organic carbon (14.67 g kg-1 soil) compared to conventional 
and deep tillage system. Greater straw N (5.26 g kg-1 dry matter) and grain N 
(19.08 g kg-1 grain) content, straw N uptake (43.67 kg ha-1), grain N uptake 
(60.06 kg ha-1) and total N uptake (103.74 kg ha-1) was recorded in minimum 
tilled than conventional and deep tilled plots. Nitrogen indices like N use, N 
uptake and N utilization efficiencies, N harvest index and grain protein content 
were not affected by TS during both single years however, NHI (57.34%) and 
protein content (11.92 %) in grain was found higher over the years in minimum 
tillage compared to other tillage systems. Wheat phenology except days to 
emergence was not affected by different tillage systems however; early 
emergence was observed in minimum tillage rather conventional and deep 
tillage. Minimum tillage improved yield, yield components, wheat biomass and 
harvest index. Similarly enhanced emergence and greater tillers were observed 
in minimally tilled plots. Application of fertilizer N (120 kg ha-1) did not affect soil 
moisture content and bulk density however, soil organic carbon (14.91 g kg-1 
soil), mineral N (13.31 mg kg-1 soil) and soil total N (0.77 g kg-1 soil) was 
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observed greater over the years while lower soil pH (7.56) and C/N ratio (19.33) 
was observed in fertilized plots compared to control plots. N uptake efficiency 
and N utilization efficiency was not affected by N application. Stubble 
incorporated (SI) plots had improved physico-chemical properties of soil 
compared to stubble removed and burnt plots. Incorporated stubble plots had 
resulted statistically higher results for N uptake efficiency (37.16 kg plant N ha-1/ 
kg soil available N ha-1) compared to stubble removed plots however, non-
significant results were observed for N utilization efficiency among different 
stubble management practices. Nitrogen content in plant components (leaves, 
stem, spike) at pre and post anthesis stages,  straw N, grain N at maturity, N 
uptake by straw and grain, and total plant N uptake was significantly improved in 
fertilized stubble incorporated plots compared to unfertilized and stubble burnt or 
removed plots. While significantly higher N use efficiency of wheat crop was 
observed in unfertilized and stubble removed plots compared to fertilized and 
stubble incorporated plots. N harvest index and grain protein of wheat was 
significantly affected by addition of 120 kg N ha-1 while incorporation of stubble 
had affected the later one only. Fertilization had enhanced phenological 
observations while no significant variations in days to phenological observations 
were recorded among SM practices. Greater average leaf area and leaf area 
index as well as pre and post anthesis dry matter (DM) production in various 
plant parts was observed in N mixed SI plots as compared to the rest of 
managed plots. N fertilization at the rate of 120 kg ha-1 and corn stubble 
incorporation prior to wheat sowing had also improved tillers m-2, plant height, 
grain yield, yield components, biomass, straw yield and harvest index over the 
years against unfertilized and stubble removed as well as burnt plots.  Greater 
emergence m-2 was observed in fertilized plots only while similar lodging score 
was recorded in fertilizer urea mix stubble incorporated plots. It was concluded 
from the economic analysis that corn stubble incorporation with recommended 
dose of fertilizer N (120 kg ha-1) prior to wheat sowing had resulted higher value 
cost ratio (VCR;7.51) and net income (Rs. 157946 ha-1) compared to VCR (6.27) 
and net income (Rs.128622) obtained from control plots. Similarly SI plots had 
resulted greater net income (Rs. 154748 ha-1) compared to stubble removed 
plots (Rs. 132504 ha-1). Besides economic benefits stubble incorporation along 
with fertilizer N had also improved yield, nitrogen dynamics, dry matter 
production and soil quality parameters under reduced tillage in a continuous 
cereal based cropping system instead of stubble burning and removal. 
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I. INTRODUCTION 
Wheat (Triticum aestivum L.) is an important cereal as well as staple food 
crop of the country and occupies about 66 % of the annual food cropped area 
with an average production of 2714 kg ha-1 during 2011-12 (Pakistan Economic 
Survey, 2012-13). It supplies the major dietary requirements, i.e 60 % of the 
calories and protein of the average diet (Khalil and Jan, 2002).  Wheat yield and 
quality influenced by management of the previous crop but is highly dependent 
on current year management (Wiatrak et al., 2006). Understanding stubble 
management practices is need of the hour that can minimize fertility degrading 
factors responsible for crop productivity. The soil in Khyber Pakhtunkhwa, 
Pakistan due to continuous cropping has lesser organic matter. Application of 
reduced source of N to the soil is considered good for building organic matter as 
well as for sustainability. However, scare resources and environmental concerns 
cannot allow boundless application of commercial fertilizers (Sepaskhah et al., 
2006).  
Agronomic practices such as stubble incorporation, retention, rotation and 
tillage employ a great impact on important soil quality parameters such as soil 
organic matter, soil structure and moisture holding capacity (Carter, 1992; Chan 
and Pratley, 1998). Generally, the use of different tillage methods depends on 
the amount of crop residue left over on the surface after planting (Gebhardt et al., 
1985). In Pakistan, tillage is exercised mainly by cultivator drawn through 
tractor. This cultivator can tilled the soil from 0.08-0.15 m depths and the same 
cultivated depth has created a hard pan below 0.15 m, which hinders soil water 
movement, air movement and roots growth (Hassan and Gregory, 1999). 
Tillage system specifically conservation tillage has great potential to improve 
soil quality and reduce soil loss by providing protective cover through crop 
residue left on soil surface as well as improving water holding capacity by 
reducing evaporation (Carter, 1991).  
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Soil organic matter is an important component of soil quality as it 
determines many soil characteristics such as nutrient mineralization, aggregate 
stability, aeration and favorable water uptake and retention properties. This soil 
organic carbon has been reduced through increased tillage (Valzano et al., 2005) 
and further summarized that minimum or no tillage and stubble retention 
increased soil organic carbon. Recent concern over world-wide climatic changes 
also increased interest in soil organic matter and its role in the global carbon 
budget through sequestration of atmospheric carbon in soil. A wide range of 
tillage systems such as moldboard ploughing, disking, harrowing, chiseling, ridge 
till and their combinations is being used in Pakistan without evaluating their 
residual effect on soil properties and crop growth.  
The main reason farmers adopt conservation farming system is to 
conserve soil. Moreover, it could improve proper sowing, soil moisture storage 
and minimize cost of production (Al-Kaisi and Yin, 2005). Maintaining crop 
residue with suitable tillage system is important from agronomic point of view 
because it can lead to improve stability of soil structure and drainage (Blackwell, 
2000), increased yields (Wilhelm et al., 2004) as well as conserving soil water in 
semiarid conditions (Campbell et al., 2001; Wilhelm et al., 2004). In mechanized 
farming system, machinery issues of tillage and stubble management have been 
intensively reviewed in recent past (Anderson, 2009). However, we still need to 
underline the impact of different tillage systems and stubble incorporation as well 
as burning and removal on the physico-chemical and biological processes, and 
crops productivity. 
Incorporation and retention of crop residue is important for the prevention 
of soil erosion (Anderson, 2009) and enhanced soil organic carbon (Riethmuller, 
2005; Hoyle et al., 2006) as compared to stubble burning. Greater soil organic 
matter can be obtained by growing cereal crops such as maize, wheat, millet and 
barley in rotation with annual legumes without removing their residue after 
harvesting.  Removal of maize residue for alternative energy source had 
influenced physico-chemical and biological properties of soil in the long run 
(Wilhelm et al., 2007; Amber et al., 2011).  
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Cereal stubble can be managed by cutting at optimum height to minimize 
clumping problems at sowing (Anderson, 2009). Stubble height can be adjusted 
by cutting it manually or mechanically depending upon the requirements of the 
succeeding crop as well as on the farmer future planning in addition to traditional 
practices. By burning some of the nutrients (N and S) present in stubble can be 
lost as gasses or transformed into complex compounds in the ash or through 
wind erosion and metal oxides that might have a fast liming effect on the soil.  
(Scanlan and Bowden, 2005) 
Stubble management has influence on the amounts of nutrient 
decomposed through mineralization process (Anderson, 2009).  Further, the 
impact of stubble management level on the mineralization process is depending 
on the quantity of stubble, their C:N ratio, the form of nutrient within the stubble 
whether organic or inorganic and the methodology as well as degree of 
incorporation. Moreover, different stubbles have different nutrient content 
depending on soil type, crop type, variety, fertilizer history and prevailing 
conditions and therefore, may affect both short and long term nutrient 
equilibriums in the soil (Anderson, 2009).  
Objectives of the study: 
1. To investigate the impact of tillage, N and stubble management on 
physico-chemical properties of soil. 
2. To find out a better tillage system for optimum wheat production. 
3. To find out a suitable management of maize stubble in terms of utilization 
for the succeeding wheat crop. 
4. To understand the interaction among tillage system and stubble 
management with and without mineral N. 
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II. REVIEW OF LITERATURE 
2.1 Tillage and residue management effect on soil physico-chemical 
properties 
Maximum water content was found in reduce tillage as compared to 
traditional deep tillage system and this may be due to the lesser soil disturbance 
of reduce tillage tools resulting into maximum regularity and continuity of pores 
(Slawinski et al., 2012). Greater moisture content was measure under minimum 
tillage system by lower disruption of the soil upper layer improves aggregate 
stability and soil moisture content (Lipiec and Nosalewicz, 2004; Dexter and 
Czyz, 2011). The presence of high amount of large pore size in the deep tillage 
system could probably accelerate infiltration rate as compared to small pore size 
of minimum tillage.  
Emission of greenhouse gases (CO2 & N2O) from the agricultural sector 
has regained interest in the study of tillage systems and stubble withholding as 
well as incorporation practices (Baker and Griffis, 2005; Verma et al., 2005; 
Adviento-Borbe et al., 2007; Chatskikh and Olesen, 2007). Maintenance of soil 
carbon levels is vital for the sustainability of dry land agriculture systems 
(Stewart, 2006). Residue used for mulching play an important role in reduction 
of soil water loss through evaporation, reduce daytime soil temperature 
differences and increase hydraulic conductivity of saturated (Bristow and 
Campell, 1986; Bussiere and Cellier, 1994; Dahiya et al., 2007). Minimum 
tillage and stubble retention propose increased productivity of wheat through 
greater conservation of soil water (O’Leary and Connor, 1997a & 1997b; 
Cantero-Martinez et al., 1995). In conservation farming system soil contained 
greater water but a lesser amount of nitrogen than the conventional farming 
system (Cantero-Martinez et al., 1999). They further observed reduced wheat 
grain yield with application of fertilizer nitrogen and found greater adverse effect 
in the conventional farming system as compared to the conservation farming 
system, due to the greater nitrogen levels and lesser water levels under the 
conventional system.  
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Introduction of conservation farming practices of no-tillage and stubble 
retention has enhanced stability of soil structure and drainage (Blackwell, 2000). 
While, soil manipulation and residues burning had resulted in lower soil carbon 
(Grace et al., 1995; Reicosky, 2003) and deteriorated soil structure (Whitbread et 
al., 1998). Generally bacteria are dominated in conventionally tilled soil because 
mixing of the residues with the soil allows direct contact between the bacteria 
and the residues (Beare et al., 1992). While, fungi dominated in undisturbed soil 
because hyphae needs to contact residues left on the soil surface (Beare et al., 
`1992; Guggenberger et al., 1999). Managing the soil with incorporation or 
placement of crop residue can alter environmental conditions of the soil for 
microorganisms that plays an important role in the decomposition of organic 
matter and nutrient cycling (Doran, 1980; Clapperton et al., 1997). 
The active organic pool is more important for soil quality attribute because 
this pool is more vulnerable to short-term and medium-term changes in response 
to different management practices (Whitbread et al., 1998; Chan, 1997). 
However, differences in soil strength, bulk density, heat flux and the mulching 
effect of stubble had influenced root distribution within the soil plow layer (Baker 
et al., 2007). This argument is also supported by Qin et al. (2005) who observed 
that undisturbed soil had resulted in greater root length in the top layer, but lesser 
root length in deeper layers. Higher carbon (C) content was recorded from the 
soil samples taken less than 30 cm and vice versa (Vanden-Bygaart et al., 2003). 
Gal et al. (2007) recorded greater C from the top 30 cm layer in no tilled soil than 
deeper tilled layers. Minimum net gains in C were obtained over two years for 
both conventional tillage and reduce tillage systems (Baker and Griffis, 2005). 
Soil total N availability to plant is determined by several soil and climatic 
variables and the earlier is predicted based on the level of soil organic and 
inorganic pools (Bowden and Burgess, 1993; Diggle and Bowden, 2003). The 
reduce form of organic nitrogen can remain in the soil for up to four years 
(Bowden and Burgess, 1993).  
Higher significant differences for total organic C and N as well as 
increased C and N of microbial biomass were observed under no-tillage systems 
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than conventional tillage with disk harrowing and stubble burning. Moreover, 
microbial biomass C was closely associated with microbial biomass N however, 
changes in biological activities occurred mainly in the upper soil layer (0–50 mm 
depth) in spite of the short duration of the experiment (Alvear et al., 2005). Zero-
till, stubble-retained treatment had least nitrate-N in the soil profile to 120 cm 
indicating a problem in N supply rather than in N recovery by the roots 
(Thompson, 1992). Further, he reported more organic C, Kjeldahl N and less C/N 
ratio in no tilled fertilized stubble retained treatment. Respiration of CO2, 
mineralizable N, and microbial biomass C and N in the soil were all greater with 
long-term stubble retention than with stubble burning irrespective of tillage 
treatment.  
Zero tillage had resulted higher soil organic carbon (SOC) compared to 
other tillage system while residue incorporation increased soil organic carbon 
and available P however, monitored higher available K in burnt treatment 
(Gangwar et al., 2006). Greater inorganic N was found in tilled than in 
undisturbed coarse sandy loam soil while N uptake in above-ground wheat 
biomass did not respond to tillage or to increased inorganic N concentration 
(Thomson and Sorenson, 2006). Moreover, higher inorganic N concentration in 
disturbed field soil is therefore assumed to be mainly caused by reduced crop N 
uptake rather than increased N mineralization. They concluded that in a regularly 
ploughed soil, soil tillage in the growing season does not seem to enhance N 
availability or improve synchronization between crop demand and N 
mineralization. 
No tillage showed higher organic carbon in 0–15 cm soil layer against 
conventional tillage (CT) treatment and hence grain yield increment was reflected in 
no tillage (NT) due to increased OC at the end of study (Yaduvanshi and Sharma, 
2008). They further, concluded that application of fertilizer N and P at the rate of 120 
and 26 kg ha-1 respectively with FYM or SPM or gypsum under NT practice is 
essential for improving soil organic matter (SOM) and sustaining wheat 
production under condition of sodic water irrigation. 
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Different tillage system and residue management increased SOM at 0–
30 cm depth except mouldboard ploughing without residue after 5 years of tillage 
in winter wheat–corn rotation (Wenxu et al., 2009). However, no tillage with 
chopped residue (NC) was the greatest in respect of C sequestration, resulting 
from historical SOM depletion and large C return from recent residues. They 
suggested for suitable tillage and residue management practices that could 
enhance soil C sequestration in rotations as well as keep balance between input 
of residue and CO2 emission. 
Incorporating chopped residues of wheat at the rate of 4 t ha-1 decreased 
pH and bulk density of soil and increased soil total N, water holding capacity 
and wheat yield (Sidhu and Beri, 1989). Rice or wheat straw at 5 t ha-1 
incorporated along with inorganic fertilizers in wheat field, improved the 
physico-chemical properties of soil (bulk density, pH, hydraulic conductivity, 
cation exchange capacity, organic matter and maximum water holding capacity) 
than initial values after two years of study and also increased the grain and 
straw yield of wheat (Das et al., 2002). Studying the influence of crop residue 
management practices with nutrient amendments on soil fertility, water holding 
capacity and crop production, it was determined that crop residue improved 
water holding capacity and also increased yield of wheat (Williams, 2004). 
The left over plant components underground and above ground i.e. roots, 
leaves, stalk/stubble/stems etc. after removal of the economic part is termed as 
plant residues. The retention of residues from the preceding crop (Anatoliy and 
Thelen, 2007) or incorporation (Gangwar et al., 2006) decompose over time and 
improves soil fertility (Ortega et al., 2002), results in lesser evapo-transpiration, 
improves soil water, decrease temperature, enhances nutrients and organic 
matter, decreases soil pH, improves soil aggregation and protect soil from 
erosion (Rasmussen, 1999) and crop productivity (Singh et al., 2004; Anatoliy 
and Thelen, 2007). These are the main sources of nutrients and play their role in 
building of soil organic matter (Blair et al., 2006b). Application of organic matter 
along with fertilizer enhances yield, organic matter and soil fertility (Blair et al., 
2006a), and can restore physico-chemical properties of soil (Celik et al., 2004). 
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On the other hand it has been reported that burning of crop residue 
improve soil fertility and add ash of higher adsorptivity to the soil (Zhang et al., 
2004), and make easier seedbed operation (Aulakh et al., 2001). Still, burning or 
removal of residue should be balance with the environmental concerns (pollution 
and soil erosion etc), optimum soil organic matter, nutrients and productivity 
(Aulakh et al., 2001). Residue burning is not considered environment-friendly as 
well as sustainable (Brye et al., 2006), and often avoided in the present era.  
Soil disturbance through tillage systems can influence soil traits thereby 
affecting ecological conditions (soil water, aeration and temperature), the growth 
and activity of soil micro biota and consequently, nutrient dynamics and 
decomposition rate of residues (Ma et al., 1999; Rochette et al., 1999; Espana et 
al., 2002). Gangwar et al. (2006) recorded greatest infiltration rate in residue 
incorporation followed by residue burning whereas; the lowest in zero tillage 
while soil bulk density was the highest (1.69 t m-3) under zero tillage and the 
lowest in residue incorporation (1.59 t m-3) however, no changes in soil available 
P and K were observed after each crop sequence in relation to tillage practices. 
Stubble retention was found associated with low soil pH in short as well as long 
term research (Chan and Heenan, 2005). 
Iqbal et al. (2007) suggested that tillage methods had significantly affected 
soil physical properties as they increased saturated hydraulic conductivity while 
decreased bulk density of soil. Similar observations were recorded by Głab and 
Kulig, (2008) that reduced tillage increased the soil density with respect to 
conventional tillage. However, in upper soil layer (0–10 cm) with mulch residues, 
the bulk density decreased and reached the similar value as those obtained at 
conventional tillage (1.25 g cm-3). Tillage systems had a significant effect on the 
number of spikelets spike-1 and number of spikes m-2 of spring wheat (Maali and 
Agenbag, 2003). Tillage methods (conventional, mould board, chisel plough and 
disc harrow) and maize stalk shredder effect were studied on yield and yield 
components (plants m-2, spike m-2 and kernel weight) of wheat as well as on soil 
physical properties and it was found that various tillage systems had significantly 
affected wheat yield (Roozbeh and Pooskani, 2003). Mrabet, (2002) concluded 
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that using no-tillage is becoming an increasingly accepted management 
technology for wheat production. Residue incorporation with tillage methods in a 
three year field experiment gradually had buildup soil carbon with lower wheat 
yield compared to residue burning and removal in a continuous cropping system 
(Bahrani et al., 2002). 
Highest nitrogen uptake were observed in the treatments with no tillage + 
burning and traditional tillage methods while the lowest fertilizer-N uptake by 
plants were observed for both seasons in the no tillage + no burning treatments 
however; produced similar grain yield as compared to other tillage treatments 
(traditional, residue burning and soil ploughing; no tillage + burning; and no-
tillage + no burning) (Rouanet et al., 2001). They further observed no significant 
differences in grain yield among different tillage treatments. Addition of fertilizer-
N have positive influence on residue decomposition and hence increased dry 
matter loss as well as released N & P from straw residues (Soon and Arshad, 
2002). Bakht et al. (2009) concluded that retention of residues, application of 
fertilizer N and involvement of legumes in crop rotation greatly improves the N 
economy of the cropping system and enhances crop productivity in low N soils. 
Higher N immobilization of winter wheat residues were observed under 
conventional tillage than minimum tillage, which indicates that wider C:N residues 
when incorporated, decompose more slowly under RT than under CT (Bossche 
et al., 2009). They reported slower mineralization of N rich crop residues under 
reduce tillage (RT) compared to CT means that there is less potential risk for 
nitrate leaching to occur, which may result in a higher N efficiency in RT 
compared to CT. Jin et al. (2009) proposed that conservation tillage improves 
water conservation and sustain soil productivity. High input in reduced tillage 
system (surface stubble-ploughing to a depth of 8–10 cm) resulted significantly 
higher grain yields than the equivalent conventional tillage system (Sip et al., 
2009).  
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2.2 Tillage and residue management effect on nutrient uptake, yield and 
growth parameters 
Crop residue (rice straw) along with recommended commercial fertilizer in 
the reduced tillage treated plots produced highest wheat grain and straw yield as 
compared to reduced tillage plots having no crop residues (Rahman, 2004). He 
further find out that reduced tillage with crop residues increased the nutrient 
concentration (N-P-K-S) in wheat at tillering, spike initiation, grain filling and 
straw at final harvest and found relatively higher nutrient contents at tillering 
stage than spike initiation stage. Reduced tillage treatment having rice crop 
residues performed better and resulted higher nutrient uptake as compared to 
reduced tillage treatments without crop residues (Rahman, 2004).         
Incorporation of rice straw residue significantly increased nutrient 
mineralization, irrespective of soil depth, highest plant nutrients ( N, P, K, S) were 
released in the reduced tillage with crop residue treatments at the top soil surface 
and lowest  was observed in the reduced tillage without crop residues at deeper 
depth (Rahman, 2004). He further observed high significant correlation between 
soil nutrients and concluded that longer period is needed to enhance soil fertility 
in a certain level through conservation practices. Mineralization of organic N, P 
and S was rapid in case of dhaincha, guar and moderate with manure, straw and 
husk, caused immobilization up to 3 months (Lal et al., 2000). Crop residues not 
only work as mulch but also act as source of plant nutrients such as N, P and S 
released due to decomposition by soil microorganisms (Tester, 1998). Crop 
residue incorporation/placement by tillage practices has significant influence on 
residue decomposition and nitrogen release (Brown and Dickey, 1970; Douglas 
et al., 1980; Doran, 1987; Holland and Coleman, 1987). Comparing effect of 
various tillage practices with and without crop residue management on wheat 
growth and different nutrients in soil; reasonable amount of nitrogen and other 
nutrients (NO3
--N (16.73 µg N g-1 soil), NH4
+-N (25.7µg N g-1 soil), total N 
(0.091%) and OC (1.3%)) were recorded in reduced tillage with crop residue 
treated plots at 60 days after sowing (Rahman, 2004). Different treatment with 
respect to significance were ranked as reduced tillage with crop residues > 
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conventional tillage with crop residues > conventional tillage without crop 
residues > reduced tillage without crop residues (Rahman, 2004). 
Direct drilling techniques of wheat seed in the surface retained or burnt 
rice stubble produced double than growth of plots where the stubble was 
incorporated or burnt and then cultivated. Slow early growth was observed on the 
stubble retained plots, but tillering was extensive, and dry matter accumulation 
increased rapidly after ear initiation (Peter and Jack, 1985). They further 
observed that wheat growth on plots where stubble was incorporated several 
months prior to sowing was superior as compared to plots where it was 
incorporated at sowing. Increasing N rates up to 120 kg increased grain and 
straw yields (Shams-El-Din and Abdrabou, 1995). They observed heaviest grain 
weight by using 60 kg N followed by applying 120 kg N. On the other hand, the 
highest number of kernels number per spike was recorded with 120 kg N followed 
by 60 kg N. 
Reduced tillage and incorporation of crop residues at 5 ton ha-1 along with 
150 kg N ha-1 were suggested optimum to obtain higher yield of wheat after rice 
in sandy loam soils of Indo-Gangetic plains of India (Gangwar et al., 2006). 
Highest wheat grain as well as significant differences were observed for head 
density and head length with shallow tillage treatment as compared to 
conventional tillage (CT) while no significant influence on thousand kernel weight 
were recorded under various tillage practices (Ozpinar, 2006). Furthermore, he 
stated that mouldboard ploughing tillage could be replaced by minimum tillage 
that would increase yield and would be likely to improve soil properties in the 
long run. Higher yield with NT than CT and highest protein content under CT 
were observed indicating that grain was shriveled with low starch accumulation 
(Vita et al., 2007).  
Studying the effect of fertilizer-N on wheat yield and its growth parameters 
i.e. crop growth rate and assimilation rate, leaf area index, dry matter 
accumulation, measured at different stages increased significantly with balanced 
fertilizer-N application (Singh et al., 2003). Nitrogen fertilization increased grain 
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weight and wheat yield significantly (Zhu-Yunji et al., 2002). Increasing levels of 
N (0, 60, 120 and 180 kg N ha-1) in a two year field experiment increased the N 
content in shoot of spike initiation, seed and straw of wheat (Kumar et al., 1995). 
Evaluating the effect of 3 levels of nitrogen (90, 120 and 150 kg ha-1) on two 
wheat varieties, application of N at the rate of 120 kg ha-1 increased the number 
of fertile spikelets spike-1 while using 90 kg N ha-1 increased thousand-grain 
weight (Upadhyay and Tiwari, 1996). The basic number of seedlings and tillers 
were significantly greater in CT followed by RT and ZT respectively at (P ≤ 0.05), 
but the percentage of productive tillers in the ZT treatment was higher than that 
in the CT treatment (Juan et al., 2008). However, plant height, dry weight of 
wheat shoot, leaf area index, and grain yield were the lowest in the ZT treatment 
because of deficient population.  
The effect of tillage methods along with fertilizers treatment were studied 
in a four year experiment for the sustainable wheat production without 
deteriorating the quality of soil as a resource base and environment, and it was 
found that reduce tillage and optimum fertilizer treatments had a positive effect 
on nutrient uptake by wheat (Ishaque et al., 2001). Wheat crop sown on well 
drained sandy loam soil after legume crop showed better performance in term of 
nitrogen uptake from the soil in no tillage system as compared to conventional 
tillage (Yoongkee et al., 2001). Different tillage levels i.e. minimum, normal and 
deep alone and weed mulching at 0, 2 and 4 t ha-1 had not affected N uptake by 
wheat however, mulch application significantly increased N uptake (Aggarwal 
and Sharma, 2002). Management practices such as placement or incorporation 
of crop residues can alter soil environmental conditions for soil creatures, 
responsible for nutrient cycling and decomposition of organic matter (Doran, 
1980; and Clapperton et al., 1997). 
Less concentrations of NO3
--N and NH4
+-N in soil under conventional 
cultivation (CC) + mulch (M) and deep ploughing (DP) and more under zero 
cultivation (ZC) and inter row compaction (IRC) were observed compared to CC 
(Sharma and Acharya, 1987). High N treatment increased N uptake between 
stem elongation and anthesis and grain protein concentration by 2.9% relative to 
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the low N treatment. Both nitrogen harvest index (NHI) and nitrogen utilization 
efficiency (NUE) declined as the rate of N application was increased. The decline 
was more pronounced when the rate of N application was increased from 30 to 
60 kg N ha-1 (Palta and Fillery, 1995). 
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III. MATERIALS AND METHODS 
3.1. Experimental site 
The impact of different tillage systems and maize stubble management in 
a cereal based cropping system was examined in a 2-year (2009-11) field 
experiments on spring wheat (cv. Pirsabak-2005) with a continuous crop rotation 
of wheat-maize-wheat (with Maize, cv. Iqbal 2010) at Cereal Crops Research 
Institute Pirsabak (34oN Latitude, 72oE Longitude and 288m Altitude)  Nowshera 
under irrigated conditions. The soil of the farm is silt clay loam, moderately 
drained as well as calcareous, having 0.06% total N or 0.6 g kg-1 soil N, 2.1 mg 
kg-1 P, 210 mg kg-1 K, 1.280 g cm-3 bulk density and 11.21 g kg-1 soil organic 
carbon with a pH value of 7.85. The environmental conditions of the institute 
were warm to hot, semi-arid subtropical continental climate with average annual 
rainfall of about 380 mm. Due to water thunders and heavy rainfall during July 
2010 a heavy flood came in the river Kabul near to experimental site. The flood 
water raised and extended to the site where maize crop was at reproductive 
stage. The flood water was standing for 2-3 days and then drained out without 
affecting the physico-chemical properties of the site at the end of the season. 
Apart from rainfall during the growth season, the crop water requirement at 
critical growth stages was met through basin irrigation system as and when 
required. Weather data like rainfall and temperature were collected with an 
automated weather station installed at the institute and is summarized in Table 3.  
3.2. Experimental material and treatments 
Basic seed of wheat cultivar Pirsabak-2005 was obtained from Cereal 
Crops Research Institute Pirsabak Nowshera. Three tillage implement systems 
(TS) (i) minimum (rotavator=10cm depth) (ii) conventional (cultivator=20cm 
depth) and, (iii) deep (mouldboard=30cm depth) were allotted to main plots 
whereas six maize stubble management practices with and without N collectively 
called management i.e. physical removal (bare), burn and incorporation alone, 
physical removal + 120 kg N ha-1, burnt + 120 kg N ha-1 and incorporation + 120 
kg N ha-1 were laid out in subplots (Table 1).  
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Plotting was done in the field having maize stubbles after harvesting the 
crop and field surface was tilled by a common cultivator to ease the stubble 
management practices two months prior to wheat sowing. Stubbles were 
removed physically from the control plots and weighed after sun-dry to have an 
idea of how much stubbles were burnt/ incorporated, which was about 2.5 t ha-1. 
These stubbles were also analyzed for their physico-chemical composition (Table 
2). In the burnt treated plots sun-dry stubbles were collected and burnt by setting 
fire and ash were mixed in soil immediately to control ash loss through wind, 
whereas in case of soil incorporation, the residue was soil incorporated with the 
help of hoe.  
Fertilizer urea (46% N) as an inorganic nitrogen source was applied at the 
rate of 120 kg ha-1 in split i.e. half at sowing and half at 2nd irrigation in 
designated plots. Three tillage implements were randomly operated twice by 
adjusting it to the required depth accordingly in the main plots and sowing of 
wheat was ensured in lines. 
 The subplot consist of 5 m x 3 m having 10 rows 30 cm apart with 5 meter 
length while a distance of 50 cm between tow subplots,  one meter between the 
main plots and 2 meters between replications were maintained in the 
experimental field. Fertilizer phosphorus and potash was applied to the field at 
the rate of 90 and 60 kg ha-1 each as single super phosphate (18% P2O5) and 
murate of potash (52% K) respectively as a basal dose. The agronomic and 
cultural practices including irrigation, weeds control through weedicide and 
hoeing etc. were carried out uniformly for all the treatments in each replication.  
 Wheat variety PS-2005 was planted on 9th and 16th Nov. of 2009 and 2010 
respectively and the left over corn stubble after harvesting in June of 2009 and 
2010 were used as a source of residues for the succeeding wheat crop. In all 
cases a tractor mounted planter equipped with row cleaner wheels was used. 
After wheat harvesting, maize were planted in rotation with recommended 
agronomic practices and waited till harvest maturity. After harvesting of maize 
crop the same demarcated plots having maize stubbles were used to repeat the 
experiment in the following year. The same tillage implements were operated in 
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the same fashion and six stubble management practices were conceded to 
examine its effect on soil physico-chemical related parameters in the subsequent 
year.   
3.3. Experimental design  
Each tillage system was applied to a main plot of 90 m2 (30 m x 3 m) and 
stubble management was applied to sub-plot of 15 m2 (5 m x 3 m).  A total of 18 
treatments (three tillage systems, and 6 six stubble management treatment 
combinations) were tested in randomized complete block design with a split plot 
arrangement having 4 replications in each year. Tillage systems were allotted to 
main plots while stubble management treatments were allotted to subplots.  
3.4. Statistical analysis  
 To analyze the data statistically, analysis of variance (ANOVA) was used 
to perceive the significance of treatment effects on the different variables 
measured. Combined analysis of the two years data was done and treatment 
values were expressed as mean of the two years. For existing significant 
differences among the treatments, least significance difference (LSD) test (Jan et 
al., 2009) was used to separate the means. The SAS 9.3 package (SAS, 2011) 
was used for the analysis of data.  
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Table 1.  Experimental treatments detail used for managing tillage system 
and maize stubbles for succeeding wheat crop during 2009-11. 
Main plots treatments (Tillage Systems with depth range)  
1.   Minimum Tillage (Rotavator) i.e. 10cm  
2.   Conventional Tillage (Cultivator) i.e.  20cm 
3.   Deep Tillage (Mouldboard Plough) i.e. 30cm  
Subplots Treatments (Maize Stubbles Management Strategies) 
Treatments                              Nitrogen (N) kg ha-1      
1.  Removed 0   
2.  Burnt  0   
3.  Incorporated  0   
4.  Removed 120   
5.  Burnt 120   
6.  Incorporated  120   
 
Table 2. Physico-chemical composition of maize stubbles 
Parameters  Percent (%) kg ton-1 
Total N 0.41 4.1 
Mineral N 0.041 0.41 
Organic C 45.5 455 
Ash 4.9 49 
pH 7.3   - 
Table 3. Mean monthly air temperature and monthly total rainfall during 
cropping season from September, 2009 to August, 2011. 
 
Month 
Temperature (0c) Precipitation (mm) 
2009-10 2010-11 2009-10 2010-2011 
September 28.25 27.50 34.00 00.00 
October 21.75 22.50 06.00 00.00 
November 16.75 16.75 21.00 16.00 
December 11.75 13.00 00.00 16.00 
January 12.00 10.50 00.00 05.00 
February 14.50 13.00 131.0 102.0 
March 21.00 19.50 14.00 36.00 
April 25.50 24.00 15.00 56.00 
May 31.75 31.00 26.00 03.00 
June 31.25 33.25 31.00 14.00 
July 32.50 30.75 431.0 416.0 
August 28.75 29.50 364.0 111.0 
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3.5. Soil physico-chemical characteristics 
 To analyze the soil for physico-chemical characteristics samples were 
taken randomly through core from different places at 30 cm depth of the field 
before sowing and treatment management. Soil samples were then mixed 
together for each treatment and a composite sample was tested for the 
determination of different physico-chemical characteristics of soil including 
mineral N, total N, pH, and soil organic carbon. After harvesting wheat crop; soil 
sampling was carried out in each subplot in both years for determination of soil 
physico-chemical characteristics to check the treatments effect. Sampling was 
done by using soil core-42 to measure soil bulk density and moisture content 
after harvesting wheat in both seasons. Detailed procedure for the determination 
of different soil physical and chemical characteristics is outlined in the following 
paragraphs.  
3.5.1 Soil moisture percentage and bulk density 
To determine moisture content, soil from core samplers was placed in a 
moisture cane and weight, and then dried at 105ºC to obtain a constant weight 
for each treatment in each season after the experiment. Cane weight was 
subtracted from the total fresh and dried weight to obtain soil mass. 
Soil moisture was determined; 
100
D.W
D.W   -F.W  
 (%)  Moisture   
Bulk density was measured by using core method (Black and Hertge, 1984); 
Formula  
Vt
Msb   
Whereas  ρb= Soil bulk density  
Ms= Soil mass (oven dry)   
Vt= Soil volume (measure through core)  
3.5.2 Soil mineral nitrogen 
5g of sampled soil extract in 100ml water and 10ml of nutrient solution 
(5ml KNO3 and 5ml KH2PO4) was shaken with 100ml of 2M KCl for one hour on 
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mechanical shaker and was filter. Steam distillation method (Keeney and Nelson, 
1982) was used to analyze the filtrate for soil mineral nitrogen.   
3.5.3 Soil total N 
Total N in soil was determined calorimetrically for each treatment, 
following the Kjeldahl method (Bremmer and Mulvaney, 1982). In this method, 
0.2g soil was digested in 3ml of concentrated H2SO4 in the presence of digestion 
mixture containing K2Cr2O7 and Se on block digest for about 4-5 hours. The 
digestion was initially started at 50ºC and gradually raised to 350 ºC , which was  
maintained at least for 1 hour to  turn  the sample colour to  light greenish or 
colourless. After cooling, the digest was transferred to a 100ml volumetric flask 
and the volume makes up with distilled water. 20ml of the digest was distilled in 
the presence of 5ml of 40% NaOH solution and 5ml boric acid mixed indicator. 
The distillate was titrated against standard 0.005M HCl and N was calculated as 
1ml of 0.005M HCL is equivalent to 70μg . A blank reading was also taken at the 
same time.   
3.5.4 Soil organic carbon  
Organic C in soil was determined by the modified method of Nelson and 
Sommers, (1982). 1g of air dried finely ground soil sample was treated with 10ml 
of 1N K2Cr2O7 solution and 20ml of concentrated H2SO4 for 1 minute. After 
cooling, 200ml of distilled water was added and filtered. Filtrate was titrated 
against 0.5N FeSO4.7H2O solutions after adding 5-6 drops of Ortro-
Phenopthroline indicator, the change of color from greenish to dark brown have 
shown the end point. A blank reading was also run at the same time. The amount 
of C was then determined by the formula  
 (0.75)  sampledry  ofWeight 
100  C) of (meq  FeSO meq - OCrmeqK
% C Organic 4722


  
Where  
 0.75 is derived from the assumption that only 75 % of organic matter is 
oxidized in the method  
 Meq of C is 0.003 
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3.5.5 Soil C:N  
C/N ratio was calculated by dividing determined soil C content on soil N 
content. 
3.5.6 Soil pH  
Soil pH data was recorded by using the McLean (1982) method in which 
suspension was made having soil water ratio (1:5) with the help of Ionalyzer/901 
(ORION RESEARCH).  
3.6. Plant nitrogen analysis 
 Nitrogen analyses in various parts of wheat crop were carried out in both 
consecutive seasons. Sampled tillers were randomly taken from the side two 
rows in each subplot, whereas the central six rows were maintain intact for 
recording yield and its components data. Plant sampling was done at two growth 
stages i.e. anthesis and maturity. Sampled tillers were detached into different 
parts like i.e. leaves, stem, spike and grain. These plant components were dried 
in the oven for a period of 24hrs at 65ºC. Dried grain and other components were 
grounded by electric grinder and sieved through siever having diameter of 
0.2mm. Powder form of component samples was used for determination of tissue 
nitrogen content. 
3.6.1 Nitrogen content (%) in various plant parts 
Kjeldhal method (Westerman, 1990) was used to determine nitrogen 
content in various components (leaves, spike, straw, grain, and stem) of wheat 
plant for both seasons by using the following formula  
100
  sample ofWeight 
  weight)}mol. N  made Volume  acid of (Normality  blank) {(Nitrogen
 (%) N 

  
3.6.2 N-uptake by grain and straw 
 After determining N concentration in grains and straw of each treatment, N-
uptake by grain and straw (kg ha-1) was calculated by using the following formula. 
   1000
 )ha (kg weight wyield/straGrain  x )kg (g N wGrain/stra
 )ha (kg uptake N wGrain/stra
-1-1
1- 
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3.6.3 Total nitrogen uptake  
Total N uptake (kg ha-1) by wheat was calculated by adding grain and 
straw N uptake. 
3.6.4 Nitrogen use efficiency  
Nitrogen use efficiency (NUE) is the wheat grain yield (Gw) per unit of N 
supply (Ns), and was calculated by formula (Gw/ Ns). Nitrogen  supply include N 
applied as fertilizer and  total nitrogen uptake in control plots i.e. sum of nitrogen 
content in the straw and grain of the control plots (Huggins and Pan, 1993). 
3.6.5 Nitrogen uptake efficiency  
Nitrogen uptake efficiency (NUpE) is the percentage of applied fertilizer N 
taken up by wheat plants (Maust and Williamson, 1994), and calculated 
according to the following formula. 
100
   soilin  N ofAmount 
 Nplant  ofAmount 
 )kg (g  efficiency uptakeNitrogen 1-   
3.6.6 Nitrogen harvest index 
Cox et al. (1986) procedure was used to calculate nitrogen harvest index 
(NHI) by using the following formula. 
Grain nitrogen  
NHI (%) = ------------------------------------- 
Total assimilated nitrogen  
3.6.7 Nitrogen utilization efficiency  
Fiez et al. (1995) method was used to calculate nitrogen utilization 
efficiency (NUE). 
 )ha (kg uptake Nplant  Total
 )ha (kg YieldGrain 
NUtE   
1-
-1
  
3.6.8 Grain protein content  
Protein content (GP) in grain was calculated from the N (%) determined in 
grain by using the following formula.  
GP content (%) = Grain Nitrogen (%) x 6.25 
3.7. Phenological observations 
  Data on the following phenological observations were recorded. 
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3.7.1 Days to emergence, boot stage and anthesis stage  
Days to emergence data was recorded by counting the days from the date 
of planting to the date when 70–80% emergence was completed while for the 
boot and anthesis stages days were recorded by counting the days when 50% 
plants attained boot stage and 50% plants extruded anthers respectively.  
3.7.2 Days to physiological maturity  
Days to physiological maturity data were recorded by counting the days 
from date of planting to the date when 50 % plants lost green colour from their 
glumes or peduncle and became physiologically mature.  
3.8. Physiological observations 
3.8.1 Leaf area at anthesis  
Leaf area at anthesis (LAA) data was recorded by taking samples of 5 
representative tillers from each subplot at anthesis stage. Leaves were detached 
and average leaf area tiller-1 was work out by using leaf area measuring machine 
(LI-CAR-Model A-3000). 
3.8.2 Leaf area index  
Leaf area index (LAI) data was obtained by using sun scan canopy 
analyzer (Delta-T Devices LTD Burwell, Cambridge, UK). 
3.8.3 Dry matter partitioning to various parts at anthesis and physiological 
maturity  
A sample of 10 tillers were randomly collected from the side rows of each 
subplot and then dried to a constant weight in oven at 60 0C for 24 hours to 
calculate the weight of tiller components (mean leaves dry weight tiller-1, mean 
flag leaf dry weight tiller-1, mean stem dry weight tiller-1, mean peduncle dry 
weight tiller-1 and mean spike dry weight tiller-1) at anthesis and physiological 
maturity and then worked out into g m-2. 
3.9. Yield and its components data 
Data on the following yield components were taken before and after 
harvesting of wheat crop. 
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3.9.1 Spikes m-2 
Spikes m-2 data was recorded by counting spikes in a meter square area 
in each subplot.  
3.9.2 Grains spike-1 
Number of grains were counted in ten randomly collected spikes from 
each plot and then worked out average to record grains spike-1 data. 
3.9.3 1000 grain weight  
Sun dried 1000 grain were randomly taken from the produce of each 
subplot and then weighted to record thousand grains weight data. 
3.9.4 Biological yield  
 After harvesting, the sundried packs of central six rows were weighted by 
using spring balance to record biological yield data in each plot by the following 
formula.  
     Pack weight of central 6 rows of each plot x 10000 
Biological yield (kg ha-1) =  ------------------------------------------------------------- 
     Harvested plot area (six rows) 
3.9.5 Grain yield  
Grain yield data were recorded by weighting grain yield after threshing 
pack of central 6 rows of each sub plot and then converted to kg ha-1 by using 
the following formula. 
    Grain weight of central 6 rows in each plot x 10000 
Grain yield (kg ha-1)   = ------------------------------------------------------------- 
    Harvested plot area 
3.9.6 Straw yield  
Straw Yield (kg ha-1) was calculated by subtracting grain yield from 
biological yield for each sub plot. 
3.9.7 Harvest index  
 Harvest index (HI) for each treatment was calculated by using formula. 
 
   Kernel Yield 
HI = ----------------------------- x 100 
   Biomass 
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3.10. Additional agronomic observations 
The following agronomic parameters were recorded at various growth 
stages of wheat crop. 
3.10.1 Emergence m-2 
Emergence m-2 data was recorded by counting the seedling numbers in a 
meter square area after 80% completion of germination.  
 
Total No.  of emerged seedlings                             
Emergence m-2   =  --------------------------------------------------------- 
No. Rows x R – R x Row Length 
3.10.2 Tillers m-2 
Tillers m-2 was recorded by counting tillers in a meter square area in each 
subplot.  
3.10.3 Plant height   
Plant height (cm) was measured up to spike tip of five randomly selected 
plants in each plot at maturity and then average plant height were worked out.  
3.10.4 Lodging score  
Oplinger et al. (1995) procedure was used to determine lodging score 
according to formula: 
Lodging score= = S x I x 0.02 
Where 
S= sur face area 1 mean none, while 9 mean totally  
I = intensity of lodging 1 mean none, while 9 mean totally 
Lodging score range is 0.2 - 9 
3.11. Economic analysis  
The cost benefit ratio of using different tillage systems and various stubble 
management practices with and without N for the succeeding wheat crop in 
cereal cropping pattern was calculated by using method of Boehlje and Eidman, 
(1984). Using this method cost of production, gross revenue and net return of the 
project was calculated.  
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IV. RESULTS 
Efforts are being made to conclude results on the documented data taken 
under the prevailing environmental conditions at the experimental location. Mean 
air temperature and total monthly rainfall were recorded through an automated 
weather station installed at the experimental site. Mean monthly air temperature 
ranged from 10.5 0C (January, 2011) to 33.25 0C (June, 2011) while total monthly 
rainfall ranged from 0.00 mm (Dec. 2009, Jan. 2010, Sept. & Oct. 2011) to 
431.00 mm (July, 2010). Hence, heavy rainfall occur during summer or maize 
growing season of both year while mild rainfall received during the wheat growth 
seasons however, to avoid water stress irrigation was applied to the wheat crop 
at critical growth stages or as when required. No insect pest attack was seen on 
wheat crop except weeds which were eradicated manually as well as chemically.      
4.1. Soil physico-chemical properties 
 The impacts of corn stubble management practices under different tillage 
systems were evaluated on the following different physico-chemical response 
variables. 
4.1.1 Soil moisture content 
 Soil moisture content (SMC) was significantly affected by years (Y), tillage 
systems (TS) and stubble management (SM) practices however; nitrogen (N) 
and all interactions showed non-significant results for SMC (Table 57). Planned 
mean comparisons for stubble management showed significant results for 
Removed vs. others (burnt + incorporated). 
 Data (Table 4) depicted that moisture content increased (20.61 %) over 
the years during May 2011 as compared to that of May 2010 (18.01 %). Similarly 
on average basis significantly high SMC (20.02 %) was recorded in the reduced 
tilled plots as compared to conventionally tilled (19.27 %) and deep tilled (18.65 
%) plots. On individual year basis SMC significantly increased in the minimally 
plowed plots as compared to plots ploughed through conventional and deep 
tillage system and this difference were more widen (21.34%) during May 2011 in 
minimum to deep (17.33 %) tillage system during May 2010.    
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Table 4. Soil moisture (%) as affected by various tillage systems and stubble 
management practices. 
 
 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
* = Significant at p<0.05, ** = Significant at p<0.01, NS = non-significant 
 
 
 
 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  18.77 a         21.34 a           20.02 a 
Conventional Tillage   17.95 ab           20.60 ab           19.27 b 
Deep Tillage 17.33 b          19.98 b           18.65 c 
LSD(0.05) 0.95          0.76           0.54 
Fertilizer-N ( kg N ha-1)    
0 17.85 a          20.50 a            19.18 a 
120 18.18 a          20.73 a            19.45 a 
Significance          NS       NS         NS 
Stubble Management (SM)  
Removed  17.30 b         19.80 b           18.55 b 
Burnt   17.72 b          20.37 b            19.05 ab 
Incorporated  19.02 a          21.67 a            20.35 a 
LSD(0.05)  0.67         0.76           0.50 
Mean (Years)  18.01 b         20.61 a   
Interactions  P value          P value P value 
N x SM  0.814        0.962            0.967 
TS x N  0.772        0.983      0.830 
TS x SM  0.981        0.922      0.886 
TS x N x SM  0.998        0.964      0.970 
Y*TS  -      -      0.941 
Y*N  -      -      0.808 
Y*SM  -      -      0.942 
Y*N*SM  -      -      0.942 
Y*TS*N  -      -      0.942 
Y*TS*SM  -      -      0.993 
Y*TS*N*SM  -      -      0.925 
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Application of fertilizer N had not produced significant variations in SMC 
however, higher SMC were observed in the fertilized plots during May 2011 as 
compared to unfertilized plots during May 2010 (Table 4). On both years average 
basis (Table 4) incorporation of stubble has resulted higher SMC (20.35 %) as 
compared to stubble removed (18.55 %), and stubble burnt (19.05 %) plots 
respectively. On individual year basis SMC ranged from 17.30 % (lower in sole 
bare plots during May 2010) to 21.67 % (highest observed in SI plots during May 
2011).  
4.1.2 Bulk density 
 Over the years soil bulk density (SBD) was significantly affected by tillage 
systems and stubble management while non-significant results were obtained for 
years, N and all interactions. Similarly planned mean comparisons for SM had 
shown significant results for SBD. 
 Slightly decreased SBD (1.248 g cm-3) was observed after two years 
(Table 5) during May 2011 as compared to Sept. 2009 (1.280 g cm-3 base line) 
and May 2010 (1.252 g cm-3). Over two years (Table 5) minimum SBD (1.243 g 
cm-3) were obtained for the reduced plowed plots as compared to conventional 
(1.251 g cm-3) and deeply plowed (1.255 g cm-3) plots however, no significant 
differences for SBD were observed on individual year basis and observed in the 
range from 1.257 g cm-3 (highest in deep tilled plots during May 2010) to 1.241 g 
cm-3 (lowest in reduced tilled plots during 2011). 
Fertilization and un-fertilization of N (Table 5) had resulted statistically 
similar results for SBD over the years as well as on individual year basis. Further, 
SBD ranged from 1.192 g cm-3 (incorporated plots during May 2011) to 1.280 g 
cm-3 (removed plots during May2010). On average basis bulk density decreased 
in the SI plots (1.197 g cm-3) as compared to removed (1.279 g cm-3) and burnt 
(1.274) plots.  
4.1.3 Soil mineral nitrogen  
 Analysis over two years for soil mineral nitrogen (SMN) showed 
significant results for tillage systems, management (M), nitrogen, SM and for  
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Table 5. Soil bulk density (g cm-3) as affected by various tillage systems and 
stubble management practices. 
 
 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
 
 
 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  1.245 a           1.241 b          1.243 b 
Conventional Tillage 1.253 a 1.248 ab            1.251 ab 
Deep Tillage 1.257 a           1.253 a           1.255 a 
LSD(0.05)            NS         0.011          0.009 
Fertilizer-N ( kg N ha-1)    
0 1.254 a           1.250 a            1.252 a 
120 1.249 a           1.245 a            1.247 a 
Significance            NS      NS       NS 
Stubble Management (SM)  
Removed  1.280 a            1.278 a            1.279 a 
Burnt   1.274 a            1.273 a            1.274 a 
Incorporated  1.201 b            1.192 b            1.197 b 
LSD(0.05)             0.010          0.013          0.008 
Mean (Years)  1.252 a            1.248 a   
Interactions    P value P value P value 
N x SM             0.411          0.801          0.473 
TS x N             0.886          0.877          0.781 
TS x SM             0.744          0.951          0.720 
TS x N x SM             0.998          0.976          0.979 
Y*TS             -          -          0.987 
Y*N             -          -          0.910 
Y*SM             -          -          0.639 
Y*N*SM             -          -          0.989 
Y*TS*N             -          -          0.991 
Y*TS*SM             -          -          0.996 
Y*TS*N*SM             -         -          0.847 
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 contrast [removed (R) vs (B +I)] and [burnt (B) vs incorporated (I)] within SM. 
While years and all other interactions except TS x M and TS x N x SM were 
found non-significant for SMN.  
 Data presented in Table 6 showed higher SMN (12.82 mg kg-1 soil) 
content during May 2011 as compared to that of May 2009 (12.51 mg kg-1 soil). 
Significant variations in SMN were recorded for various TS on individual as well 
as on average year basis and this variation was higher for minimum tillage(13.23 
mg kg-1 soil)  followed by conventional (12.39 mg kg-1 soil) and deep (11.88 mg 
kg-1 soil) tillage system. SMN ranged from 11.80 mg kg-1 soil (lowest in deep 
tilled plots during May 2010) to 13.34 mg kg-1 soil (higher in reduced tilled plots 
during May 2011).  
 Application of N fertilizer had resulted higher SMN (13.31 mg kg-1 soil) as 
compared to unfertilized plots (11.69 mg kg-1 soil) over the years (Table 6) and 
ranged from lowest (11.63 mg kg-1 soil in unfertilized plots) to highest (13.40 mg 
kg-1 soil in N fertilized plots). Similarly SMN was also significantly varied in 
individual as well as on average basis for SM and ranged from 11.88 mg kg-1 soil 
(sole bare plots during May 2011) to 13.46 mg kg-1 soil (observed in SI plots 
during May 2011). Within SM incorporated + burnt plots combinedly accumulated 
more SMN as compare to stubble removed plots and similarly incorporated plots 
proved better than burnt plots.  
The interaction TS x N x SM had resulted significant results during May 
2011 and over the years. Both figures Fig. 1 & 2 showed an abrupt and 
significant increase in SMN in the minimally plowed stubble incorporated plots 
when fertilized with recommended dose of N (120 kg ha-1) followed by 
conventional and deep tilled plots.  However, at all tillage system (Fig. 1 & 2) 
whether N has been applied or not the SM practices were ranked in order of 
incorporation > burning > removed in term of SMN accumulation.  
4.1.4 Soil total nitrogen  
Over two years analysis soil total nitrogen (STN) was significantly affected  
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Table 6. Soil mineral nitrogen (mg kg-1 soil) as affected by various tillage 
systems and stubble management practices. 
 
 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
** = Significant at P<0.01 
 
 
 
 
 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  13.12 a 13.34 a 13.23 a 
Conventional Tillage 12.36 b 12.43 b 12.39 b 
Deep Tillage 11.80 b 11.95 b 11.88 c 
LSD(0.05)              0.72            0.61              0.42 
Fertilizer-N ( kg N ha-1)    
0 11.63 b 11.74 b 11.69 b 
120 13.22 a 13.40 a 13.31 a 
Significance ** ** ** 
Stubble Management (SM)  
Removed  11.93 b 11.88 c 11.91 c 
Burnt   12.24 b 12.38 b 12.31 b 
Incorporated  13.11 a 13.46 a 13.29 a 
LSD(0.05)                0.49            0.40              0.31 
Mean (Years)  12.43 a 12.57 a   
Interactions   P value P value P value 
N x SM  0.759 0.167 0.335 
TS x N  0.203 0.817 0.219 
TS x SM  0.769 0.449 0.348 
TS x N x SM  0.422 0.008 0.005 
Y*TS  - - 0.935 
Y*N  - - 0.791 
Y*SM  - - 0.437 
Y*N*SM  - - 0.599 
Y*TS*N  - - 0.559 
Y*TS*SM  - - 0.951 
Y*TS*N*SM  - - 0.206 
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Fig. 1. Interactive effect of tillage system and stubble management with 
and without nitrogen (N) on soil mineral nitrogen (mg kg-1 soil) in 
2010-11. 
 
Fig. 2. Interactive effect of tillage system and stubble management with 
and   without N on soil mineral nitrogen (mg kg-1 soil) over the 
years. 
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by Y, TS, M, N, SM, Y x M, Y x N, TS x N and Y x TS x N x SM while all other 
interactions were non-significant. All planned mean contrast for SM except their 
interactions had resulted significant results for STN. 
 Data presented in Table 7 showed that STN was gradually and 
significantly increased from Sept. 2009 (0.60 g kg-1 soil- base line) through May 
2011 (0.743 g kg-1 soil).  Various TS had significantly increased STN in individual 
as well as on average basis and ranged from 0.67 g kg-1 soil (in deep tillage 
during May 2010) to 0.79 g kg-1 soil (reduced tillage during May 2011). TS in 
terms of STN enrichment is ranked minimum>conventional>deep.  
Nitrogen fertilization had significantly increased STN (0.77 g kg-1 soil) as 
compared to unfertilized plots (0.66 g kg-1 soil) over the years while similar 
results were obtained on individual year basis. More specifically application of 
120 kg N ha-1 had resulted higher STN during May 2011 (Y x N) as compared to 
unfertilized plots of both years and ranged from 0.65 g kg-1 soil (lowest in 
unfertilized plots during May 2010) to 0.82 g kg-1 soil (higher in fertilized plots 
during May 2011). 
SM also revealed significant results for STN content and ranged (Table 7) 
from 0.66 g kg-1 soil (removed plots during May 2010) to 0.79 g kg-1 soil 
(incorporated plots during May 2011). On average as well as single year basis 
higher STN was resulted in incorporated plots followed by burnt and removed 
plots, however, statistically similar results were obtained for burnt and stubble 
removed plots. The contrast R vs (B + I) had resulted significant variations where 
removed plots resulted in minimum STN as compared to burnt + incorporated 
one. Similarly incorporated plots had resulted in maximum soil total nitrogen as 
compared to burnt plots. 
 Minimum tillage along with application of N fertilizer (TS x N) had 
significantly enhanced STN as compared to conventional and deep tillage system 
(Fig. 3). Un-fertilization at all tillage system did not produce significant variation in 
STN. No significant differences in soil total N were observed after two seasons 
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Table 7. Soil total nitrogen (g kg-1 soil) as affected by various tillage systems 
and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
* = Significant at p<0.05, ** = Significant at p<0.01, NS = non-significant 
 
 
Fig. 3. Interactive effect of tillage systems and nitrogen on soil total N (g 
kg-1 soil) over the years. 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  0.71 a 0.79 a 0.75 a 
Conventional Tillage   0.69 ab 0.75 a 0.72 b 
Deep Tillage 0.67 b 0.69 b 0.68 c 
LSD(0.05)         0.03            0.05              0.03 
Fertilizer-N ( kg N ha-1)    
0 0.65 b 0.67 b 0.66 b 
120 0.73 a 0.82 a 0.77 a 
Significance ** ** ** 
Stubble Management (SM)  
Removed  0.66 b 0.71 b 0.69 b 
Burnt   0.68 b 0.73 b 0.71 b 
Incorporated  0.72 a 0.79 a 0.75 a 
LSD(0.05)          0.02             0.04              0.02 
Mean (Years)  0.69 b 0.74 a  
Interactions  P value P value P value 
TS x N  0.060 0.226 0.029 
Y*N  - - 0.001 
Y*TS*N*SM  - - 0.010 
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in stubble removed and burnt alone plots. Similarly minimally plowed fertilized SI 
plots (TS x SM) significantly increased soil total N (0.91 g kg-1 soil) followed by 
fertilized stubble burnt (0.79 g kg-1 soil) and fertilized SI plots (0.78 g kg-1 soil) 
plowed conventionally.  
4.1.5 Soil organic carbon 
 On both year average analysis soil organic carbon (SOC) had significantly 
affected by years, TS, N and stubble management while non-significant results 
were observed for all other interactions. All planned mean contrasts for SM 
except their interactions showed significant results for SOC variations. 
 Mean values (Table 8) revealed that SOC significantly increased in soil 
with the passage of time since Sept. 2009 (11.21 g kg-1 soil-base line) and found 
maximum (14.91 g kg-1 soil) after wheat harvesting in May 2011. Minimum tillage 
significantly enhanced SOC (14.67 g kg-1 soil) over the years through September 
2009 to May 2011 as compared to conventional (14.30 g kg-1 soil) and deep 
(13.54 g kg-1 soil) tillage however, SOC variation was not significant on individual 
year basis and found in the range lowest (12.72 g kg-1 soil in deep tilled plots 
during May 2010) to highest (15.41 g kg-1 soil in reduced tilled plots during May 
2011(Table 8).  
Fertilizer-N application over the years (Table 8) had significantly improved 
SOC as compared to un-fertilization and observed in the range from 12.79 g kg-1 
soil in un-fertilized plots during year 2010 to 15.76 g kg-1 soil in fertilized plots 
during year 2011. 
Over two years (Table 8) stubble incorporation had resulted higher SOC 
(17.17 g kg-1 soil) followed by burnt (13.50 g kg-1 soil) and removed (12.68 g kg-1 
soil) plots. The variations in SOC were not significantly different between burnt 
and removed plots during both individual years however; incorporated plots 
excelled in SOC variation over burnt and removed plots (Table 8). SOC was 
recorded in the range of 12.18 g kg-1 soil (lowest in the stubble removed plots 
during 2010) to 17.43 g kg-1 soil (highest in the stubble incorporated plots).  
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Table 8. Soil organic carbon (g kg-1 soil) as affected by various tillage 
systems and stubble management practices. 
 
 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
** = Significant at P<0.01, NS = non-significant 
 
 
 
 
 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  13.94 a 15.41 a           14.67 a 
Conventional Tillage 13.62 a 14.99 a 14.30 ab 
Deep Tillage 12.72 a 14.35 a           13.54 b 
LSD(0.05)            NS          NS            0.86 
Fertilizer-N ( kg N ha-1)    
0 12.79 b 14.07 b            13.43 b 
120 14.07 a 15.76 a            14.91 a 
Significance ** **           ** 
Stubble Management (SM)  
Removed  12.18 b 13.18 b            12.68 c 
Burnt   12.86 b 14.14 b            13.50 b 
Incorporated  15.23 a 17.43 a            16.33 a 
LSD(0.05)               0.79            0.97           0.62 
Mean (Years)  13.43 b 14.91 a  
Interactions  P value P value P value 
N x SM  0.589 0.953             0.848 
TS x N  0.961 0.998             0.986 
TS x SM  0.997 0.735             0.834 
TS x N x SM  0.949 0.969             0.933 
Y*TS  - -             0.945 
Y*N  - -             0.415 
Y*SM  - -             0.136 
Y*N*SM  - -             0.881 
Y*TS*N  - -             0.981 
Y*TS*SM  - -             0.897 
Y*TS*N*SM  - -             0.175 
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4.1.6 Soil CN ratio 
Analysis over years depicted that soil carbon to nitrogen ratio (C/N) had 
significantly affected by different SM and N fertilization only while years, tillage 
systems and their interaction as well as Y x SM, Y x N, TS x SM, TS x N, TS x N 
x SM and Y x TS x N x SM interactions had also resulted non-significant results 
for C/N. All planned mean contrast for SM had resulted significant results in 
terms of C/N variations.  
 C/N slightly narrowed during May 2010 (19.50) as compared to that 
(20.33) of May 2011 (Table 9).  C/N ratio ranged from 19.03 (deep tiled plots 
during May 2010) to 21.09 (deep tiled plots during May 2011). On both year 
average basis relatively narrowed C/N (19.66) was observed in reduced tilled 
plots as compared to conventional (20.02) and deep (20.06) tilled plots.  
During year 2011 and then over the years (Table 9) un-fertilized plots had 
significantly enhanced C/N over N-fertilized plots and found in the range of 19.28 
(lowest in fertilized plots during year 2010) to 21.27 (highest in control plots 
during 2011). Similarly significantly different C/N ratio were observed for various 
SM and ranged from 18.37 (stubble removed plots during May 2011) to 22.50 
(stubble incorporated plots during 2011). On average basis (Table 9) significantly 
higher C/N (21.89) were observed in SI plots followed by burnt (19.22) and 
stubble removed (18.64) plots.  
4.1.7 Soil pH 
Soil pH had significantly affected by years, N, and SM while tillage 
systems and all other interactions were non-significant. Planned mean contrast 
for SM had revealed significant results in terms of soil pH variations. 
Data presented in Table 10 depicted that significantly lower soil pH (7.55) 
was measured during May 2011 as compared to that (7.67) measured during 
May 2010. Different tillage systems had not shown any significant deviations in 
soil pH however; pH linearly increased as the tillage depth increased and 
therefore, on both year average basis minimum pH (7.53) were found in the  
   
37 
 
Table 9.   Soil C/N as affected by various tillage systems and stubble 
management practices. 
 
 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
* = Significant at p<0.05, NS = non-significant 
 
 
 
 
  
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  19.63 a 19.69 a 19.66 a 
Conventional Tillage 19.85 a 20.20 a 20.02 a 
Deep Tillage 19.03 a 21.09 a 20.06 a 
LSD(0.05) NS NS NS 
Fertilizer-N ( kg N ha-1)    
0 19.73 a 21.27 a 20.50 a 
120 19.28 a 19.38 b 19.33 b 
Significance NS * * 
Stubble Management (SM)  
Removed  18.37 b 18.92 b 18.64 b 
Burnt   18.87 b 19.57 b 19.22 b 
Incorporated  21.28 a 22.50 a 21.89 a 
LSD(0.05)               1.36             1.90                1.15 
Mean (Years)  19.50 a 20.33 a  
Interactions  P value P value P value 
N x SM  0.566 0.852 0.655 
TS x N  0.619 0.653 0.419 
TS x SM  0.969 0.827 0.759 
TS x N x SM  0.868 0.958 0.879 
Y*TS  - - 0.278 
Y*N  - - 0.132 
Y*SM  - - 0.832 
Y*N*SM  - - 0.985 
Y*TS*N  - - 0.981 
Y*TS*SM  - - 0.977 
Y*TS*N*SM  - - 0.452 
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reduce tilled plots followed by conventional (7.63) and deep (7.67) tilled plots.  
Un-fertilization had significantly raised soil pH during year 2010 and over 
the years as compared to fertilized plots (Table 10) and analyzed in the range of 
7.51 (in fertilized plots during 2011) to 7.73 (in unfertilized plots during year 
2010). SM practices significantly affected soil pH during the experiment and 
ranged from 7.39 (in stubble incorporated plots during May 2011) to 7.79 (in 
stubble removed plots during May 2010). Similarly on average basis significantly 
reduced soil pH (7.45) was observed in the SI plots followed by burnt (7.52) and 
stubble removed (7.73) plots (Table 10). 
4.2. Plant nitrogen analysis 
 Different tillage systems and stubble management with and without N 
practices effect were investigated for the plant N dynamics in various parts (leaf, 
stem, spike) at two distinguish growth stages i.e. anthesis and maturity and 
results were documented in the following paragraphs. 
4.2.1. Leaf N content at anthesis stage 
 Leaf N content at anthesis (LNCA) had not significantly affected by 
years, tillage system and all other interactions except N and stubble 
management strategies collectively called management (M). All planned mean 
comparisons except their interactions revealed significant results for LNCA.  
 LNCA had not significantly risen by years however; maximum LNCA (3.62 
g kg-1 DM) were obtained during May 2011 as compared to that (3.58 g kg-1 DM) 
of May 2010 (Table 11). Among different tillage systems reduced tillage 
increased LNCA (3.66 g kg-1 DM) but not significantly as compared to 
conventional (3.60 g kg-1 DM) and deep (3.53 g kg-1 DM) tillage system. Stubble 
incorporated (SI) plots mix with fertilizer N had significantly increased LNCA(3.80 
g kg-1 DM) followed by burnt + N (3.68 g kg-1 DM) and stubble removed (SR) + N 
(3.65 g kg-1 DM) plots (Table 50). 
 LNCA had also not significantly affected by the Y x TS interaction 
however; N concentration slightly increased (3.68 g kg-1 DM) in reduce tilled plots  
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Table 10. Soil pH as affected by various tillage systems and stubble 
management practices. 
 
 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
* = Significant at p<0.05, ** = Significant at p<0.01, NS = non-significant 
 
 
 
 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  7.59 a 7.48 a 7.53 a 
Conventional Tillage 7.69 a 7.58 a 7.63 a 
Deep Tillage 7.75 a 7.60 a 7.67 a 
LSD(0.05)               NS              NS               NS 
Fertilizer-N ( kg N ha-1)    
0 7.73 a 7.60a 7.66 a 
120 7.61 b 7.51a 7.56 b 
Significance *             NS * 
Stubble Management (SM)  
Removed  7.79 a 7.68 a 7.73 a 
Burnt   7.71 a 7.59 a 7.65 a 
Incorporated  7.52 b 7.39 b 7.45 b 
LSD(0.05)                0.14            0.15              0.10 
Mean (Years)  7.67 a 7.55 b  
Interactions  P value P value P value 
N x SM  0.669 0.703 0.768 
TS x N  0.626 0.944 0.657 
TS x SM  0.845 0.997 0.915 
TS x N x SM  0.992 0.868 0.877 
Y*TS  - - 0.934 
Y*N  - - 0.672 
Y*SM  - - 0.977 
Y*N*SM  - - 0.754 
Y*TS*N  - - 0.912 
Y*TS*SM  - - 0.969 
Y*TS*N*SM  - - 0.761 
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during May 2011as compared to that (3.64 g kg-1 DM) of May 2010 (Table 11). 
No significant differences were seen in the LNCA for the Y x SM interaction 
however; fertilized (N) SI plots showed higher LNCA (3.85 g kg-1 DM)  during May 
2011 followed by likely stubble managed plots (3.75 g kg-1 DM) during May 2010. 
Least LNCA (3.45 g kg-1 DM) was observed during May 2010 in the stubble 
removed plots (Table 11).  
LNCA did not significantly fluctuate by the TS x SM interaction however; 
higher LNCA (3.88 g kg-1 DM) was observed in the minimally plowed SI plots mix 
with fertilizer N followed by conventional (3.80 g kg-1 DM) and reduced tilled 
fertilized-N burnt (3.75 g kg-1 DM). Minimum LNCA (3.40 g kg-1 DM) was recorded 
for bare plots tilled through moldboard plough (Table 9). The Y x TS x SM interaction 
had also non-significantly affected LNCA however; reduce plowed SI plots mix with 
N accumulated maximum LNCA (3.95 g kg-1 DM) during May 2011 followed by 
conventional (3.85 g kg-1 DM) plots. Minimum LNCA (3.39 g kg-1 DM) was observed 
in the bare plots plowed through moldboard in May 2010 followed by sole burnt 
(3.41 g kg-1 DM) and sole incorporated (3.42 g kg-1 DM) plots (Table 9).   
Planned mean comparison showed that fertilized (N) stubble managed 
plots (Fig. 4) accumulated significantly high (3.71 g kg-1 DM) LNCA as compared 
to unfertilized stubble managed (3.49 g kg-1 DM) plots. The burnt + incorporated 
plots had significantly surpassed (3.62 g kg-1 DM) LNCA over bare (3.55 g kg-1 
DM) ones. Similarly incorporated plots had significantly increased LNCA (3.66 g 
kg-1 DM) as compared to burnt (3.58 g kg-1 DM) plots (Fig. 4). Planned mean 
comparisons interactions did not produce significant results for LNCA.     
4.2.2. Leaf nitrogen content at maturity stage  
 Leaf nitrogen content at maturity (LNCM) had significantly affected by TS 
and management while years and all interactions were non-significant for LNCM. 
However; all planned mean comparisons except their interactions had 
significantly affected LNCM.  
Data given in Table 12 revealed that LNCM had not significantly affected 
by years however; a slightly high LNCM (3.05 g kg-1 DM) was found during May, 
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Table 11. Leaf nitrogen (g kg-1 dry matter) at anthesis as affected by various  
tillage systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 4. Planned mean comparisons (C) for leaf nitrogen (g kg-1 dry matter) 
at anthesis as affected by stubble management practices over two 
years. Vertical bars are LSD(0.05) values of means within each 
comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum 3.64 a 3.68 a 3.66 a 
Conventional  3.58 a 3.63 a 3.60 a 
Deep 3.52 a 3.55 a 3.53 a 
LSD          NS         NS               NS 
Stubble (SM)   
Management  kg N ha-1    
Removed 0 3.45 c 3.47 c 3.46 c 
Burnt  0 3.47 c 3.49 c 3.48 c 
Incorporated 0 3.50 c 3.53 c 3.52 c 
Removed 120 3.62 b 3.68 b 3.65 b 
Burnt  120   3.66 ab 3.70 b 3.68 b 
Incorporated 120 3.75 a 3.85 a 3.80 a 
LSD          0.10        0.13              0.08 
Mean (Years)          3.57 a        3.62 a  
Interactions     P value     P value  P value 
TS x SM  0.998 1.000 1.000 
Y x TS  - - 0.991 
Y x SM  - - 0.899 
Y x TS x SM  - -                 1.000 
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2011 as compared to May, 2010 (3.01 g kg-1 DM). However, on average 
significantly increased LNCM (3.12 g kg-1 DM) were observed in reduce tillage 
system followed by conventional (3.02 g kg-1 DM) and deep (2.95 g kg-1 DM) 
tillage system. During both years LNCM ranged from minimum (2.92 g kg-1 DM) 
in deep tillage during May 2010 to maximum (3.13 g kg-1 DM) in reduce tilled 
plots. Likewise, significantly maximum LNCM (3.28 g kg-1 DM) were obtained in 
SI plots having fertilizer N followed by fertilized burnt (3.17 g kg-1 DM) plots and 
fertilized bare (3.06 g kg-1 DM) plots (Table 12). Physically stubble removed plots 
produced minimum LNCM (2.78 g kg-1 DM) as compared to sole burnt (2.89 g kg-
1 DM) and sole SI (2.99 g kg-1 DM) plots. 
 Contrast No-N vs. N in planned mean comparisons (Fig. 5) showed that 
stubble managed plots mix with N had significantly enhanced LNCM (3.17 g kg-1 
DM)  as compared to sole stubble managed (2.89 g kg-1 DM) plots. Similarly the 
treatment other (burnt + incorporated) had significantly increased LNCM (3.08 g 
kg-1 DM) as compared to SR (2.92 g kg-1 DM) plots. Significantly increased LNCM 
(3.13 g kg-1 DM) were also observed for incorporated plots as compared to burnt 
(3.03 g kg-1 DM) plots. The planned mean comparison interaction had not 
significantly affected the LNCM.  
4.2.3. Stem nitrogen content at anthesis stage 
  Stem nitrogen content at anthesis stage (SNCA) had significantly affected 
by N and stubble management strategies only while the rest of factors (Y and 
TS) and all other interactions were not significant. All planned mean comparisons 
except burning vs. incorporation and their interactions were significant for SNCA. 
 The collected data (Table 13) showed that years did not significantly affect 
SNCA and almost same values (5.00-5.01 g kg-1 DM) were recorded in both 
years. No significant differences were observed for SNCA in any of the tillage 
system however; minimum tillage marginally increased SNCA (5.05 g kg-1 DM) as 
compared to conventional (5.00 g kg-1 DM) and deep (4.98 g kg-1 DM) tillage over 
the years. Data further showed that SNCA ranged from lowest (4.98 g kg-1 DM in 
deep tilled plots during 2010 & 11) to maximum (5.06 g kg-1 DM in reduced tilled 
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Table 12. Leaf nitrogen (g kg-1 dry matter) at maturity as affected by various 
tillage systems and stubble management practices.  
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 5. Planned mean comparisons (C) for leaf nitrogen (g kg-1 dry matter) 
at maturity as affected by stubble management practices over two 
years. Vertical bars are LSD(0.05) values of means within each 
comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum 3.10 a 3.13 a 3.12 a 
Conventional     3.00 ab 3.05 b 3.02 b 
Deep  2.92 b 2.97 c 2.95 c 
LSD          0.12         0.07              0.06 
Stubble (SM)   
Management  kg N ha-1    
Removed 0 2.74 d 2.82 d                 2.78 f 
Burnt  0 2.86 c 2.92 d 2.89 e 
Incorporated 0 2.96 b 3.02 c 2.99 d 
Removed 120 3.03 b   3.09 bc 3.06 c 
Burnt  120 3.17 a 3.18 b 3.17 b 
Incorporated 120 3.27 a 3.30 a 3.28 a 
LSD          0.10        0.10              0.07 
Mean (Years)  3.01 a 3.05 a  
Interactions      P value     P value    P value 
TS x SM   0.997 1.000 0.997 
Y x TS  - - 0.938 
Y x SM  - - 0.916 
Y x TS x SM  - - 1.000 
   
44 
 
Table 13. Stem nitrogen (g kg-1 dry matter) at anthesis as affected by various 
tillage systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 6. Planned mean comparisons (C) for stem nitrogen (g kg-1 dry 
matter) at anthesis as affected by stubble management practices 
over two years. Vertical bars are LSD(0.05) values of means within 
each comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum 5.04 a 5.06 a          5.05 a 
Conventional  5.00 a 5.00 a          5.00 a 
Deep 4.98 a 4.98 a          4.98 a 
LSD          NS         NS       NS 
Stubble (SM)   
Management  kg N ha-1    
Removed 0 4.85 c 4.91 c          4.88 d 
Burnt  0   4.92 bc   4.92 bc            4.92 cd 
Incorporated 0     4.97 abc   4.97 bc             4.97 bcd 
Removed 120     5.03 abc   5.04 ab            5.04 bc 
Burnt  120   5.08 ab 5.10 a            5.09 ab 
Incorporated 120 5.17 a 5.14 a          5.16 a 
LSD          0.21        0.12        0.12 
Mean (Years)  5.01 a  5.01 a  
Interactions      P value     P value             P value 
TS x SM  1.000 0.997         1.000 
Y x TS  - -         0.965 
Y x SM  - -         0.983 
Y x TS x SM  - -        1.000 
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plots during 2011). 
Stubble incorporated (SI) plots having fertilizer nitrogen over two years 
had significantly increased SNCA (5.16 g kg-1 DM) over other stubble managed 
plots followed by fertilized burnt (5.09 g kg-1 DM) and fertilized bare (5.04 g kg-1 
DM) plots. Stubble managed along with fertilizer N produced better results than 
un-fertilized stubble managed plots in terms of SNCA. Data in Table 13 further 
revealed that SNCA ranged from minimum (4.88 g kg-1 DM in un-fertilized stubble 
removed plots during 2010) to higher (5.17 g kg-1 DM in fertilized SI plots during 
2010). 
 Planned mean comparisons (Fig. 6) showed that fertilized (N) stubble 
managed plots had significantly exceeded SNCA (5.09 g kg-1 DM) over the non-
fertilized stubble managed (4.92 g kg-1 DM) plots. Similarly, burnt + incorporated 
plots proved significantly higher SNCA (5.03 g kg-1 DM) over bare (4.96 g kg-1 
DM) plots. No significant differences were noted for burning vs. incorporated 
however; SI plots had slightly increased SNCA (5.06 g kg-1 DM) over burnt (5.00 
g kg-1 DM) plots.  
4.2.4. Stem nitrogen content at maturity  
  Stem nitrogen content at maturity (SNCM) over two years had not 
significantly affected by TS, SM and all interactions while Y, N, and Management 
had resulted significant effects. Further, all planned mean comparisons and their 
interaction except contrast removed vs. (burnt + incorporated) had significantly 
affected SNCM. 
 Years had significantly improved SNCM (3.28 g kg-1 DM) during May 2011 as 
compared to that (3.20 g kg-1 DM) of May 2010 (Table 14). None of the tillage system 
had significantly enhanced SNCM however; slightly higher were measured in 
minimum tillage (3.27 g kg-1 DM) as compared to conventional (3.24 g kg-1 DM) and 
deep (3.21 g kg-1 DM) tillage system. On combined analysis basis SI plots mix with 
fertilizer nitrogen had significantly enhanced SNCM (3.39 g kg-1 DM) followed by burnt 
+ N (3.35 g kg-1 DM) plots while minimum SNCM (3.10 g kg-1 DM) were observed in  
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 Table 14. Stem nitrogen (g kg-1 dry matter) at maturity as affected by various 
tillage systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 7. Planned mean comparisons (C) for stem nitrogen (g kg-1 dry 
matter) at maturity as affected by stubble management practices 
over two years. Vertical bars are LSD(0.05) values of means within 
each comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum 3.23 a 3.31 a              3.27 a 
Conventional  3.20 a 3.28 a 3.24 ab 
Deep 3.16 a 3.25 a              3.21 b 
LSD          NS         NS          NS 
Stubble (SM)   
Management  kg N ha-1    
Removed 0 3.06 d 3.13 c              3.10 e 
Burnt  0   3.08 cd 3.17 c 3.13 de 
Incorporated 0   3.16 bc   3.23 bc 3.19 cd 
Removed 120 3.22 b   3.32 ab 3.27 bc 
Burnt  120 3.31 a 3.39 a 3.35 ab 
Incorporated 120 3.36 a 3.42 a              3.39 a 
LSD          0.09        0.14           0.08 
Mean (Years)          3.20 b 3.28 a  
Interactions      P value    P value    P value 
TS x SM  0.999 1.000             1.000 
Y x TS  - -             0.999 
Y x SM  - -             0.998 
Y x TS x SM  - -            1.000 
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the SR plots followed by sole burnt (3.13 g kg-1 DM) and incorporated (3.19 g kg-1 
DM) plots. On individual year basis (Table 14) SNCM ranged from 3.06 g kg-1 DM 
(in sole removed plots during 2010) to 3.42 g kg-1 DM (in fertilized SI plots during 
2011) 
The Y x TS interaction did not significantly increased SNCM but an 
increasing trend appeared from deep tillage to reduced tillage over time in both 
years (Table 14). Deep and conventional tilled plots stored minimum SNCM 
during May 2010 as compared to reduced tilled plots. None of the tillage system 
interacted significantly with any of the stubble management system in terms of 
SNCM accumulation however; SI plots mix with nitrogen and plowed minimally 
performed better (3.44 kg-1 DM) than rest of SM plots plowed through 
conventional and deep tillage implements (Table 14).  
Planned mean comparison data (Fig. 7) showed that stubble managed 
plots received fertilizer N had significantly increased SNCM (3.34 g kg-1 DM) as 
compare to SM plots having no nitrogen (3.14 g kg-1 DM). Similarly, burnt + 
incorporated plots accumulated significantly high SNCM (3.27 g kg-1 DM) as 
compared to sole SR (3.18 g kg-1 DM) plots. SI plots performed better but not 
significantly increased SNCM (3.29 g kg-1 DM) as compared to stubble burnt 
(3.24 g kg-1 DM) plots. Planned mean comparison interactions were not 
significant for SNCM. 
4.2.5. Spike nitrogen content at anthesis 
 On two year average basis spike nitrogen content at anthesis (SpNCA) 
had significantly affected by management and then within management by N only 
while all other factors and their interactions resulted non-significant results. All 
planned mean contrasts had significantly affected SpNCA except contrast burnt 
vs. incorporated and all planned mean comparison interactions. 
 SpNCA had not significantly affected by years (Y) however; SpNCA 
increased over the years (Table 15) and maximum (6.99 g kg-1 DM) was 
observed during May 2011 as compare to May 2010 (6.94 g kg-1 DM). Similarly  
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Table 15. Spike nitrogen (g kg-1 dry matter) at anthesis as affected by various 
tillage systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 8. Planned mean comparisons (C) for spike nitrogen (g kg-1 dry 
matter) at anthesis as affected by stubble management practices 
over two years. Vertical bars are LSD(0.05) values of means within 
each comparison. 
Treatments 
Years (Y)  
2009-10 2010-11     Combined 
Tillage systems (TS) 
Minimum 6.99 a 7.06 a             7.02 a 
Conventional  6.94 a 6.98 a             6.96 a 
Deep 6.90 a 6.93 a             6.92 a 
LSD          NS         NS            NS 
Stubble (SM)   
Management  kg N ha-1    
Removed 0 6.80 c 6.84 b             6.82 c 
Burnt  0   6.83 bc 6.86 b             6.84 c 
Incorporated 0   6.88 bc 6.92 b             6.90 c 
Removed 120     6.94 abc   6.98 ab               6.96 bc 
Burnt  120   7.07 ab   7.12 ab              7.09 ab 
Incorporated 120 7.14 a 7.25 a            7.19 a 
LSD          0.24        0.29            0.19 
Mean (Years)  6.94 a 6.99 a  
Interactions    P value    P value  P value 
TS x SM  1.000 1.000             1.000 
Y x TS  - -             0.986 
Y x SM  - -             0.999 
Y x TS x SM  - -             1.000 
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on combined analysis basis none of the tillage systems significantly affected 
SpNCA however; minimally tilled plots stored more SpNCA (7.02 g kg-1 DM) as 
compared to conventional (6.96 g kg-1 DM) and deep (6.92 g kg-1 DM) tilled plots. 
On individual year basis SpNCA ranged from 6.90 g kg-1 DM (minimum in deep 
tilled plots during 2010) to 6.07 g kg-1 DM (higher in reduced tilled plots during 
2011). 
N fertilization had significantly affected SpNCA over the years and higher 
SpNCA was analyzed in N fertilized plots as compared unfertilized plots (Table 
15). Further sole SM practices had resulted almost similar results for SpNCA and 
ranged from 6.80 g kg-1 DM (less in removed plots during 2010) to 6.92 g kg-1 DM 
(higher in incorporated plots during 2011). 
 Planned mean contrasts (Fig. 8) showed that stubble managed plots 
having N performed significantly better in term of nitrogen accumulation in spike 
(7.08 g kg-1 DM) than plots having no N (6.85 g kg-1 DM). Similarly, burnt + 
incorporated plots proved significantly better (7.01 g kg-1 DM) than sole SR (6.89 
g kg-1 DM) plots. Further, no significant differences were observed for the 
contrast burnt vs. incorporated however; incorporated plots performed better 
(7.05 g kg-1 DM) than burnt (6.97 g kg-1 DM) plots. Planned means comparison 
interactions were not significant for SpNCA variations. 
4.2.6. Spike nitrogen content at maturity  
Spike nitrogen content at maturity (SpNCM) over two years had 
significantly affected by years, N and stubble management practices while tillage 
systems and all other interactions were not significant. All planned mean 
comparisons except burnt vs. incorporated and interactions had significantly 
affected SpNCA. 
 Data (Table 16) showed that significantly maximum SpNCM (13.17 g kg-1 
DM) was recorded during May 2011 as compared to that of May 2010 (13.07 g kg-1 
DM). No significant variations were observed for different tillage system however; on 
average basis reduced tilled plots stored maximum SpNCM (13.22 g kg-1 DM) as  
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Table 16. Spike nitrogen (g kg-1 dry matter) at maturity as affected by various 
tillage systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 9. Planned mean comparisons (C) for spike nitrogen (g kg-1 dry 
matter) at maturity as affected by stubble management practices 
over two years. Vertical bars are LSD(0.05) values of means within 
each comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum 13.18 a 13.26 a             13.22 a 
Conventional  13.07 a 13.16 a             13.12 a 
Deep 12.95 a 13.08 a             13.02 a 
LSD          NS         NS         NS 
Stubble (SM)   
Management  kg N ha-1    
Removed 0 12.83 c 12.92 d           12.87 d 
Burnt  0   12.91 bc   13.02 cd 12.96 cd 
Incorporated 0     13.04 abc   13.14 bc 13.09 bc 
Removed 120     13.12 abc   13.23 ab 13.17 ab 
Burnt  120   13.20 ab   13.32 ab 13.26 ab 
Incorporated 120 13.32 a  13.40 a           13.36 a 
LSD           0.33 0.20          0.19 
Mean (Years)  13.07 b  13.17 a  
Interactions    P value   P value P value 
TS x SM   1.000  1.000             1.000 
Y x TS  - -             0.972 
Y x SM  - -             1.000 
Y x TS x SM  - -             1.000 
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compared to conventional (13.12 g kg-1 DM) and deep (13.02 g kg-1 DM) tilled 
plots. Further, data (Table 16) depicted that different tillage systems did not 
significantly increased SpNCM over the years however; it slightly increased in the 
reduced tilled plots (13.26 g kg-1 DM) during year 2011 followed by alike treated  
(13.18 g kg-1 DM) plots in year 2010. While conventional and deep tilled plots of 
year 2011 performed better than that of year 2010.  
Over the years SI plots having fertilizer N (Table 16) had significantly 
increased SpNCM (13.36 g kg-1 DM) as compared to other stubble management 
practices with or without N fertilizer. Application of fertilizer N had resulted more 
SpNCM over un-fertilized plots and similarly incorporation of stubble had 
accumulated more N content in wheat spikes at maturity compared to burn and 
stubble removed plots. 
 Planned mean contrasts (Fig. 9) revealed that N treated stubble managed 
plots had significantly increased SpNCM (13.26 g kg-1 DM) as compared to No-N 
treated (12.97 g kg-1 DM) plots and similarly, burnt + incorporated plots had 
significantly surpassed (13.17 g kg-1 DM) over SR (13.02 g kg-1 DM) plots. SI 
plots showed increased SpNCM (13.22 g kg-1 DM) but not significantly higher 
over stubble burnt (13.11 g kg-1 DM) plots. Planned mean interactions results for 
SpNCM were not significant. 
4.2.7. Straw nitrogen content at maturity  
Over two years straw nitrogen content at maturity (StNCM) had 
significantly affected by all factors (Y, TS, N and SM) and planned mean 
contrasts except interactions. Comparing both years significantly higher StNCM 
(5.25 g kg-1 DM) was recorded in 2009-10 as compared to that (5.10 g kg-1 DM) 
of 2010-11 (Table 17). Similarly, over averaged minimum plowed plots had 
significantly increased StNCM (5.26 g kg-1 DM) as compared to conventional 
(5.17g kg-1 DM) and deep (5.10 g kg-1 DM) plowed plots. On average stubble 
managed plots mixed with fertilizer-N had stored significantly higher StNCM (5.38 
g kg-1 DM) as compared to SR and burnt plots either sole or mix with fertilizer-N.  
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 Table 17. Straw nitrogen (g kg-1 dry matter) at maturity as affected by various 
tillage systems and stubble management practices. 
 Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 10. Planned means comparisons (C) for straw nitrogen (g kg-1 dry 
matter) at maturity as affected by stubble management practices 
over two years. Vertical bars are LSD(0.05) values of means within 
each comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum 5.18 a 5.33 a             5.26 a 
Conventional  5.10 a   5.25 ab 5.17 ab 
Deep 5.02 a 5.19 b             5.10 b 
LSD          NS         0.13          0.11 
Stubble (SM)   
Management  kg N ha-1    
Removed 0 4.89 d 5.03 d             4.96 e 
Burnt  0   4.98 cd   5.12 cd 5.05 de 
Incorporated 0     5.08 bcd   5.24 bc 5.16 cd 
Removed 120     5.13 abc   5.32 ab 5.22 bc 
Burnt  120   5.22 ab   5.38 ab 5.30 ab 
Incorporated 120 5.32 a  5.45 a             5.38 a 
LSD          0.20        0.17          0.13 
Mean (Years)  5.10 b 5.25 a  
Interactions     P value    P value    P value 
TS x SM  1.000 1.000             1.000 
Y x TS  - -             0.956 
Y x SM  - -             0.997 
Y x TS x SM  - -             1.000 
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Data (Table 17) showed that different tillage system had not significantly 
altered StNCM during individual years however; reduced plowed plots 
accumulate higher straw N (5.33 g kg-1 DM) as compared to conventional and 
deep plowed plots of both years. Similarly, SM did not significantly affect StNCM 
on single years basis however; straw N increased (5.45 g kg-1 DM) in SI plots mix 
with fertilizer-N during May 2011 as compared to other stubble managed plots 
followed by fertilized (N) burnt (5.38 g kg-1 DM) and fertilized (N) SR (5.32 g kg-1 
DM) plots.  
Comparing means of contrast No-N vs. N showed (Fig. 10) that SM plots 
received fertilizer-N significantly improved StNCM (5.30 g kg-1 DM) than SM plots 
having No-N (5.06 g kg-1 DM). Similarly others (burnt + incorporated) and 
incorporated plots significantly increased (5.22 g kg-1 DM), (5.27 g kg-1 DM) straw 
N respectively over SR (5.09 g kg-1 DM) and burnt (5.17 g kg-1 DM) plots. 
Planned mean contrasts interaction did not significantly increased StNCM. 
4.2.8. Grain nitrogen content  
  Mean results (Table 18) showed that grain nitrogen content (GNC) had not 
significantly increased over the years but higher grain N (18.85 g kg-1 DM) was 
recorded during May 2011 as compared to May 2010 (18.79 g kg-1 DM).  On 
average different tillage systems and specifically reduced tilled plots had 
significantly increased GNC (19.08 g kg-1 DM) as compared to conventional 
(18.90 g kg-1 DM) and deep (18.47 g kg-1 DM) tilled plots (Table 18). Similarly, 
fertilized (N) SI plots significantly increased GNC (19.65 g kg-1 DM) over the rest 
of stubble managed plots. 
 Data (Table 18) further described that GNC slightly but not significantly 
decreased as the tillage depth increased in individual year however; wheat grain 
store more nitrogen (19.11 g kg-1 DM) during 2nd year (2010-11) in the minimally 
plowed plots as compared to conventional (18.95 g kg-1 DM) and deep (18.48 g 
kg-1 DM) plowed plots. Similarly, SM with and without N had significantly affected 
grain N over the years and more specifically fertilized (N) SI plots accumulated 
higher N in grain(19.65 g kg-1 DM) as compared to other stubble managed plots.  
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Table 18. Grain nitrogen (g kg-1 grain) as affected by various tillage systems  
and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 11. Planned means comparisons (C) for grain nitrogen (g kg-1 grain) as 
affected by stubble management practices over two years. Vertical 
bars are LSD(0.05) values of means within each comparison. 
 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum 19.05 a 19.11 a            19.08 a 
Conventional    18.84 ab 18.95 a            18.90 a 
Deep 18.47 b 18.48 a            18.47 b 
LSD          0.45        NS           0.41 
Stubble (SM)   
Management  kg N ha-1    
Removed 0 18.21 d 18.29 c           18.25 d 
Burnt  0   18.45 cd   18.47 bc 18.46 cd 
Incorporated 0   18.49 cd   18.59 bc 18.54 cd 
Removed 120   18.83 bc   18.83 bc 18.83 bc 
Burnt  120   19.15 ab   19.17 ab            19.16 b 
Incorporated 120 19.59 a 19.72 a            19.65 a 
LSD           0.61         0.71           0.46 
Mean (Years)          18.78 a 18.85 a  
Interactions     P value   P value P value 
TS x SM  1.000 1.000              0.999 
Y x TS  - -              0.964 
Y x SM  - -             1.000 
Y x TS x SM  - -             1.000 
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On individual year basis (Table 18) grain N was in the range of 18.21 g kg-1 DM 
(lower in the sole stubble removed plots during 2010) to 19.72 g kg-1 DM (higher 
in the fertilized stubble incorporated plots). 
Planned mean comparisons results (Fig. 11) showed that N treated 
stubble managed plots had resulted significantly high grain N (19.22 g kg-1 DM) 
than N untreated stubble managed plots (18.42 g kg-1 DM). Stubble burning + SI 
significantly improved grain N (18.95 g kg-1 DM) over bare (18.54 g kg-1 DM) 
plots. SI plots had resulted non-significantly high grain N (19.10 g kg-1 DM) over 
stubble burnt (18.81 g kg-1 DM) plots. None of the contrasts interacted 
significantly with one another for GNC variations.   
4.2.9. Nitrogen uptake by grain 
 Data presented in Table 19 revealed that nitrogen uptake by grain (NUpG) 
had significantly higher during May 2011(59.98 kg ha-1) as compared to May 
2010 (48.00 kg ha-1). Minimum tillage had significantly improved NUpG in 2011 
(60.06 kg ha-1) as well as on both years average basis as compared to 
conventional (53.23 kg ha-1) and deep (48.68 kg ha-1) tilled plots (Table 19). On 
individual year basis NUpG varied from 43.82 kg ha-1 (lower in deep tilled plots 
during 2010) to 67.83 kg ha-1 (higher in reduced tilled plots during 2011).  
The use of 120 kg fertilizer N ha-1 had significantly affected N uptake by 
wheat grain on individual as well as on two years basis. Wheat grain had taken 
up more N from the soil having N fertilizer as compared to un-fertilized plots 
(Table 19). 
 Similarly SM had significantly affected NUpG on individual as well as on 
average basis and over two years (Table 19). Significantly higher NUpG (59.43 
kg ha-1) were observed in the SI plots as compared to other stubble managed 
plots (burnt & removed). Further N taken by wheat grain varied from 43.58 kg ha-
1 (stubble removed plots during 2010) to 65.41 kg ha-1 (stubble incorporated plots 
during 2011).  
 A significant interaction was observed between TS x N and application of 
120 kg N ha-1 under the reduced tillage system, had accumulated higher N in  
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Table 19. Nitrogen uptake by wheat grain (kg ha-1) as affected by various 
tillage systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
* = Significant at p<0.05, ** = Significant at p<0.01 
 
Fig. 12. Interactive effect of tillage systems and nitrogen (N) on N uptake by 
grain of wheat (kg ha-1) in 2010-11. 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  52.29 a 67.83 a 60.06 a 
Conventional Tillage   47.89 ab 58.58 b 53.23 b 
Deep Tillage 43.82 b 53.54 b 48.68 c 
LSD(0.05)          7.55         6.36              4.40 
Fertilizer-N ( kg N ha-1)    
0 41.26 b 53.07 b 47.16 b 
120 54.74 a 66.90 a 60.82 a 
Significance ** ** ** 
Stubble Management (SM)  
Removed  43.58 b 54.74 c 49.16 c 
Burnt   46.97 b 59.80 b 53.38 b 
Incorporated  53.45 a 65.41 a 59.43 a 
LSD(0.05)           3.88         3.87              2.21 
Mean (Years)  48.00 b 59.98 a   
Interactions  P value P value P value 
N x SM  0.075 0.123 0.006 
TS x N  0.270 0.034 0.014 
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Fig. 13. Interactive effect of tillage systems and N on N uptake by grain of 
wheat (kg ha-1) over the years. 
 
 
 
Fig. 14. Interactive effect of nitrogen and stubble management practices on 
N uptake by grain of wheat (kg ha-1) over the years. 
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wheat grain (Fig. 12) as compared to conventional and deep tillage system. 
Wheat grain taken up more N as the tillage depth decreased along with 
application of N. Similar trend (Fig. 13) has been observed for TS x N over the 
years in terms of variation in NUpG. NUpG response to TS x SM interaction was 
significant where stubble incorporated plots showed higher NUpG at application 
of fertilizer N (120 kg ha-1) over stubble burnt and removed plots either un-
fertilized or fertilized with N (Fig.14). All other interactions were not significant for 
NUpG.  
4.2.10. Nitrogen uptake by straw  
 Combined analysis over years showed that nitrogen uptake by straw 
(NUpS) had significantly affected by Y, TS, N and stubble management practices 
while non-significant results were obtained for all other interactions. All planned 
means except their interactions had significantly affected NUpS. 
NUpS had significantly increased in May 2011(44.24 kg ha-1) as compared 
to that (38.23 kg ha-1) of May 2010 (Table 20). Further, minimum tillage system 
had significantly increased straw N uptake in individual year as well as on both 
years average basis. Using different tillage system (Table 20) NUpS varied from 
36.44 kg ha-1 (observed in deep tilled plots during 2010) to 47.30 kg ha-1 
(observed in minimum tilled plots). On the basis of both years average minimum 
tilled plots uptake higher N (43.67 kg ha-1) in straw followed by conventional 
(4.19 kg ha-1) and deep (38.84 kg ha-1) plowed plots.  
On the basis of both year average (Table 20) significantly higher NUpS 
(48.31 kg ha-1) was observed in fertilized (N) SI followed by stubble burnt (44.28 
kg ha-1) and fertilized bare (41.78 kg ha-1) plots. Sole bare plots showed lowest  
NUpS (35.51 kg ha-1) on average basis followed by sole burnt (37.77 kg ha-1) and 
sole incorporated (39.75 kg ha-1) plots. 
 Planned mean contrast data (Fig. 15) showed that stubble managed plots 
mix with fertilizer N had significantly increased NUpS over No-N stubble 
managed plots. Similarly SB + SI together and SI in sole had significantly  
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Table 20. Nitrogen uptake by wheat straw (kg ha-1) as affected by various 
tillage systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
 
Fig. 15. Planned means comparisons (C) for nitrogen uptake by straw (kg 
ha-1) of wheat as affected by stubble management practices over 
two years. Vertical bars are LSD(0.05) values of means within each 
comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum 39.95 a 47.40 a            43.67 a 
Conventional  38.30 b   44.08 ab            41.19 b 
Deep 36.44 c 41.23 b            38.84 c 
LSD           1.51 3.36            1.64 
Stubble (SM)   
Management  kg N ha-1    
Removed 0 33.41 e 37.60 e           35.51 e 
Burnt  0   34.66 de   40.89 de           37.77 d 
Incorporated 0   36.44 cd   43.06 cd 39.75 cd 
Removed 120 38.20 c   45.37 bc           41.78 c 
Burnt  120 41.13 b   47.44 ab           44.28 b 
Incorporated 120 45.55 a 51.08 a           48.31 a 
LSD  2.36 3.65           2.14 
Mean (Years)  38.23 b 44.24 a  
Interactions    P value  P value P value 
TS x SM  0.171 1.000            0.783 
Y x TS  - -            0.243 
Y x SM  - -            0.801 
Y x TS x SM  - -            0.940 
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enhanced NUpS against SR and sole burnt plots respectively. All contrasts 
interactions were non-significant for NUpS. 
4.2.11. Total nitrogen uptake by wheat 
Analysis over the years revealed that total nitrogen uptake by wheat plant 
(TNUpW) had significantly affected by Y, TS, N and SM practices while all other 
interactions except N x SM were non-significant for TNUpW. All planned mean 
comparisons for SM practices and their interactions except (No-N vs N) x [R vs 
(B + I)] were significant for TNUpW. 
 Mean data presented in Table 21 showed that higher TNUpW (104.22 kg 
ha-1) were measured during 2010-11 as compared to that of 2009-10 (86.23 kg 
ha-1). On both years average basis reduced tillage system maximally increased 
TNUpW (103.74 kg ha-1) as compared to conventional (94.42 kg ha-1) and deep 
(87.52 kg ha-1) tillage systems. TNUpW varied from 80.26 kg ha-1 (analyzed in 
deep plowed plots during 2010) to 115.23 kg ha-1(analyzed in reduced plowed 
plots during 2011). 
Over two years analysis (Table 21) maximum TNUpW (117.10 kg ha-1) 
were measured in fertilized (N) mixed SI plots followed by fertilized (N) mixed SB 
(103.70 kg ha-1) and fertilized (N) mixed bared (96.03 kg ha-1) plots. The lowest  
TNUpW (79.58 kg ha-1) were observed in sole bared plots followed by sole SB 
(85.12 kg ha-1) and sole SI (89.82 kg ha-1) plots. 
 The response of total N uptake by wheat crop to N x SM interaction was 
significant during year 2010 (Table 67). Wheat crop uptake higher N when 
stubble was incorporated along with application of recommended dose of 
fertilizer N (Fig. 17) as compared to stubble burnt and removed plots. 
Incorporation of stubble without nitrogen application showed non-significant 
increase in total N uptake by wheat plant as compared to burnt and stubble 
removed plots. Similar trend of TNUpW in response to (N x SM) interaction over 
the years was also observed where N and SM interacted similarly (Fig.18). 
Planned mean contrast No-N vs. N (Fig. 16) showed that fertilized (N) 
stubble managed plots had significantly surpassed in terms of TNUpW as  
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Table 21. Nitrogen uptake by wheat (kg ha-1) as affected by various tillage 
systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
 
 
Fig. 16. Planned mean comparisons (C) for nitrogen uptake by wheat (kg 
ha-1) as affected by stubble management practices over two years. 
Vertical bars are LSD(0.05) values of means within each comparison. 
 
 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum 92.24 a 115.23 a 103.74 a 
Conventional    86.18 ab 102.66 b 94.42 b 
Deep 80.26 b   94.77 b 87.52 c 
LSD 8.97   9.16                5.71 
Stubble (SM)   
Management  kg N ha-1    
Removed 0 72.33 e   86.83 e 79.58 e 
Burnt  0   75.55 de      94.69 de 85.12 d 
Incorporated 0   80.39 cd      99.24 cd 89.82 d 
Removed 120 86.44 c    105.62 bc 96.03 c 
Burnt  120 94.17 b       113.24 b 103.70 b 
Incorporated 120      108.49 a       125.71 a 117.10 a 
LSD  7.05   8.19               5.31 
Mean (Years)  86.23 b        104.22 a  
Interactions  P value P value P value 
N x SM  0.047  0.302                0.013 
TS x N  0.280  0.201                0.063 
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Fig. 17. Interactive effect of nitrogen and stubble management practices on 
total N uptake by wheat (kg ha-1) in 2009-10. 
 
 
 
 
Fig. 18. Interactive effect of nitrogen and stubble management practices on 
total N uptake by wheat (kg ha-1) over the years. 
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compared to unfertilized stubble managed plots. Burnt + incorporated plots also 
significantly improved TNUpW as compared to bared plots. Similarly SI plots 
whether sole or mixed with fertilizer N had significantly enhanced TNUpW 
against burnt plots. 
4.2.12. Nitrogen use efficiency of wheat 
 Combined analysis revealed that years, N and SM had significantly 
affected nitrogen use efficiency of wheat (NUEW) while different tillage systems 
and all other interactions except N x SM, Y x N and Y x TS x N x SM were not 
significant. All planned mean comparisons and their interactions except (No-N vs. 
N) x (Burnt vs. Incorporated) were significant for NUEW.  
Data presented in Table 22 showed that significantly higher NUEW (38.34 
kg grain ha-1/ kg N ha-1) were calculated during 2010-11 as compared to that of 
2009-10 (30.49 kg grain ha-1/ kg N ha-1). Further, on both year average basis 
NUEW had not differed by different tillage systems however; NUEW increased in 
all tillage system during 2010-11 as compared to 2009-10. 
Significantly higher NUEW were observed in unfertilized plots as 
compared to N added plots on individual as well as on combined year analysis 
basis (Table 22). NUEW were significantly higher in unfertilized plots during 2011 
(Y x N) as compared to unfertilized plots of 2010 (Table 22). Further, wheat NUE 
was decreased at addition of fertilizer N during both years.  
Significant variations in NUEW on individual year as well as on average 
basis had been observed in different stubble managed plots (Table 68 & 69). On 
both years average basis significantly high NUEW (36.81 kg grain ha-1/ kg N ha-1) 
were observed in sole physically stubble removed plots followed by sole 
incorporated plots (34.21 kg grain ha-1/ kg N ha-1) and sole burnt plots (32.23 kg 
grain ha-1/ kg N ha-1). During both years (Table 22) NUEW varied from 28.32 kg 
grain ha-1/ kg N ha-1 (observed in burnt plots during 2010) to 41.12 kg grain ha-1/ 
kg N ha-1 (observed in stubble removed plots during 2011). 
NUE of wheat responded significantly to N x SM interaction in each year 
and over the years as well (Table 22). Higher NUEW were observed during  
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Table 22. Nitrogen use efficiency (kg grain ha-1/ kg N ha-1) of wheat as 
affected by various tillage systems and stubble management 
practices. 
 Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
* = Significant at p<0.05, ** = Significant at p<0.01, NS = non-significant 
 
Fig. 19. Interactive effect of nitrogen (N) and stubble management practices 
(SM) on nitrogen use efficiency (NUE) of wheat in 2009-10. 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  31.60 a 40.29 a 35.94 a 
Conventional Tillage 30.16 a 38.16 a 34.16 a 
Deep Tillage 29.72 a 36.58 a 33.15 a 
LSD(0.05)                 NS               NS                 NS 
Fertilizer-N ( kg N ha-1)    
0 44.88 a 57.09 a 50.99 a 
120 16.10 b 19.59 b 17.85 b 
Significance                    **                 **                  ** 
Stubble Management (SM)  
Removed  32.49 a 41.12 a 36.81 a 
Burnt   28.32 b 36.13 b 32.23 c 
Incorporated  30.66 a 37.77 b 34.21 b 
LSD(0.05)               2.33            2.75             1.78 
Mean (Years)  30.49 b 38.34 a  
Interactions  P value P value P value 
N x SM  0.004 0.000 0.000 
Y*N  - - 0.000 
Y*TS*N*SM  - - 0.000 
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Fig. 20. Interactive effect of N and stubble management practices (SM) on 
nitrogen use efficiency (NUE) of wheat in 2010-11 
 
 
 
 
Fig. 21. Interactive effect of N and stubble management practices (SM) on 
nitrogen use efficiency (NUE) of wheat over the years. 
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2009-10 in stubble removed plots without having added nitrogen however; 
this response was lower in burnt plots as compared to incorporated plots 
(Fig.19). Addition of 120 kg N ha-1 had resulted almost similar results for NUEW 
in all stubble managed plots. Almost similar trends for N x SM interaction were 
observed during 2010-11 and over the years (Fig. 20 & 21).  
4.2.13. Nitrogen uptake efficiency of wheat 
Over combined year analysis basis nitrogen uptake efficiency of wheat 
(NUpEW) had significantly affected by Y and SM while tillage systems, N and all 
other interactions except N x SM, Y x N and Y x TS x N x SM were non-
significant. Planned mean contrasts R vs. other (burnt + incorporated), burnt vs. 
incorporated and interaction (No-N vs N) x [R vs (B + I)] had also resulted 
significant effect on NUpEW while planned mean interaction (No-N vs N) x (B vs 
I) gave non-significant results. 
Mean values regarding NUpEW presented in Table 23 depicted that 
significantly higher NUpEW (36.95 kg plant N ha-1/ kg soil available N ha-1) were 
observed during 2010-11 as compared to that of 2009-10 (36.54 kg plant N ha-1/ 
kg soil available N ha-1). On individual year basis NUpEW slightly increased as 
the tillage depth decreased and observed in the range 31.13 kg plant N ha-1/ kg 
soil available N ha-1 (in deep tilled plots) to 38.44 kg plant N ha-1/ kg soil available 
N ha-1 (in reduced tilled plots).  
Application of 120 kg N ha-1 had resulted significant results during year 
2010 only while statistically similar results were obtained during 2011 and over 
the years whether the plots were fertilized or otherwise (Table 23). During 2011 
NUpEW were significantly increased in unfertilized plots (Y x N) as compared to 
unfertilized plots of 2010 (Table 23).  
On both year average (Table 23) significantly higher NUpEW (37.16 kg 
plant N ha-1/ kg soil available N ha-1) were measured in SI plots followed by burnt 
plots (34.18 kg plant N ha-1/ kg soil available N ha-1) and stubble removed plots 
(32.82 kg plant N ha-1/ kg soil available N ha-1). On individual year basis SI plots 
significantly proved better for NUpEW followed by burnt and removed plots. 
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Table 23. Nitrogen uptake efficiency (kg plant N ha-1/ kg soil available N ha-1) 
as affected by various tillage systems and stubble management 
practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
* = Significant at p<0.05, ** = Significant at p<0.01, NS = non-significant 
 
Fig. 22. Interactive effect of nitrogen and stubble management practices 
(SM) on nitrogen uptake efficiency (NUpE) of wheat over the years. 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  33.73 a           38.44 a 36.08 a 
Conventional Tillage 32.61 a           36.25 a 34.43 a 
Deep Tillage 31.13 a           36.17 a 33.65 a 
LSD(0.05)           NS        NS           NS 
Fertilizer-N ( kg N ha-1)    
0 31.27 b           37.63 a 34.45 a 
120 33.71 a           36.28 a 34.99 a 
Significance               **       NS          NS 
Stubble Management (SM)  
Removed  30.52 b         35.12 b 32.82 b 
Burnt   31.71 b      36.65 ab 34.18 b 
Incorporated  35.23 a          39.09 a 37.16 a 
LSD(0.05)                  2.07        2.89              1.75 
Mean (Years)  32.49 b          36.95 a   
Interactions   P value             P value P value 
N x SM                  0.089            0.270 0.027 
Y*N                 -             - 0.010 
Y*TS*N*SM                 -             - 0.045 
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The trend regarding response of NUpEW to N x SM interaction in Fig. 22 
showed that N un-fertilization proved better than N fertilization in stubble 
removed plots however; similar results were obtained in stubble burnt plots 
regardless of fertilization. Fig.22 further depicted that NUpEW significantly 
responded to fertilizer N when applied at the time of incorporation as compared 
to un-fertilization.  
4.2.14. Nitrogen utilization efficiency of wheat 
 Nitrogen utilization efficiency of wheat (NUtEW) over the years had 
significantly affected by years only while tillage systems, N, SM practices and all 
other interactions effect were not significant. All planned mean comparisons for 
stubble management and their interactions had resulted non-significant results 
for NUtEW. 
Mean results (Table 24) showed that higher NUtEW (30.45 kg grain ha-
1/kg plant N ha-1) were observed during May 2011 as compared to that of May 
2010 (29.43 kg grain ha-1/kg plant N ha-1). On average as well as on individual 
year basis all the tillage system had resulted statistically similar results for 
NUtEW. Overall reduced tilled plots had resulted a bit higher NUtEW than deep 
and conventional tilled plots (Table 24). 
Mean data presented in Table 24 further revealed that NUtEW did not 
respond significantly to N fertilization on single year basis and over the years and 
ranged from 29.40 kg grain ha-1/kg plant N ha-1 (in unfertilized plots) to 30.71 kg 
grain ha-1/kg plant N ha-1 (in fertilized plots). SM practices had almost produced 
similar results for NUtEW however; a little higher (30.08 kg grain ha-1/kg plant N 
ha-1) NUtEW were recorded in removed plots followed by burnt and incorporated 
plots (Table 22). 
4.2.15. Nitrogen harvest index of wheat 
 Over two years nitrogen harvest index of wheat (NHIW) had significantly 
affected by Y, TS and N only while stubble management and all other 
interactions were not significant for NHIW. All planned mean contrast and their 
interaction had resulted non-significant results for NHIW. 
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Table 24. Nitrogen utilization efficiency (kg grain ha-1/kg plant N ha-1) as  
affected by various tillage systems and stubble management 
practices. 
 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
 
 
 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  29.50 a 30.64 a 30.07 a 
Conventional Tillage 29.31 a 30.09 a 29.70 a 
Deep Tillage 29.47 a 30.60 a 30.03 a 
LSD(0.05)           NS          NS           NS 
Fertilizer-N ( kg N ha-1)    
0 29.40 a 30.71 a 30.06 a 
120 29.45 a 30.18 a 29.81 a 
Significance           NS         NS          NS 
Stubble Management (SM)  
Removed  29.53 a 30.64 a 30.08 a 
Burnt   29.30 a 30.53 a 29.91 a 
Incorporated  29.45 a 30.17 a 29.81 a 
LSD(0.05)            NS          NS          NS 
Mean (Years)  29.43 b 30.45 a   
Interactions    P value   P value P value 
N x SM  0.932 0.880 0.951 
TS x N  0.821 0.133 0.299 
TS x SM  0.998 0.666 0.939 
TS x N x SM  0.869 0.953 0.801 
Y*TS  - - 0.861 
Y*N  - - 0.220 
Y*SM  - - 0.651 
Y*N*SM  - - 0.947 
Y*TS*N  - - 0.558 
Y*TS*SM  - - 0.884 
Y*TS*N*SM  - - 0.271 
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Data presented in Table 25 revealed that maximum NHIW (57.31 %) were 
recorded during 2010-11as compared to that of 2009-10 (55.25 %). Greater 
variations were noted for NHIW among different tillage systems and therefore, on 
both years average reduced tilled plots gave higher NHIW (57.34 %) followed by 
conventional (56.09 %) and deep (55.41 %) plowed plots. This variation was 
ranged from 54.38% (in deep plots) to 38.53% (in reduce tillage system) in both 
years.  
Fertilization with N (120 kg ha-1) had significantly affected NHIW in both 
years and over two years as well (Table 25). Application of recommended dose 
of fertilizer N in wheat crop improved NHI against unfertilized plots. Stubble 
incorporated plots over the years slightly influenced NHIW as compared to rest of 
stubble managed plots (Table 25). NHI of wheat ranged from 54.65 % (observed 
in stubble removed plots during 2010) to 57.75 % (observed in stubble 
incorporated plots) during both years. 
4.2.16. Grain protein     
 Grain protein of wheat (GPW) over the years had significantly affected by 
tillage systems, N and SM practices while years, Y x TS, Y x SM, TS x SM and Y 
x TS x SM interactions effect were non-significant for GPW. Planned means 
contrasts No-N vs. N and SR vs. Other (burnt + incorporated) were significant 
while contrast burning vs. incorporated and all interactions were non-significant 
for GPW. 
 Years had not varied GPW (Table 26) however; higher GPW (11.78 %) 
were analyzed during 2010-11 as compared to that of 2009-10 (11.74 %). 
Significantly higher GPW (11.92 %) were observed over the years for reduced 
tilled plots followed by conventionally tilled (11.81 %) and deep tilled (11.55 %) 
plots. Variations in grain GPW were not significantly affected by TS in individual 
years however; similar pattern of differences was observed in individual years as 
earlier described on average basis. During both years decreasing trend in GPW 
were observed as the plowing depth increased. 
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 Table 25. Nitrogen harvest index as affected by various tillage systems and 
stubble management practices.  
 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
* = Significant at p<0.05, ** = Significant at p<0.01, NS = non-significant 
 
 
 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  56.15 a          58.53 a           57.34 a 
Conventional Tillage 55.23 a 56.95 ab 56.09 ab 
Deep Tillage 54.38 a          56.45 b           55.41 b 
LSD(0.05)                 NS         1.79         1.53 
Fertilizer-N ( kg N ha-1)    
0 54.03 b          56.60 b            55.32 b 
120 56.48 a          58.02 a            57.25 a 
Significance **           *               ** 
Stubble Management (SM)  
Removed  54.65 a          56.80 a           55.72 b 
Burnt   55.05 a          57.39 a 56.22 ab 
Incorporated  56.05 a          57.75 a           56.90 a 
LSD(0.05)                  NS          NS         1.05 
Mean (Years)  55.25 b          57.31 a  
Interactions  P value           P value P value 
N x SM  0.508            0.225             0.193 
TS x N  0.679            0.082             0.139 
TS x SM  0.985            0.845             0.975 
TS x N x SM  0.963            0.951             0.925 
Y*TS  -                -             0.896 
Y*N  -                -             0.233 
Y*SM  -                -             0.822 
Y*N*SM  -                -             0.885 
Y*TS*N  -                -             0.538 
Y*TS*SM  -                -             0.895 
Y*TS*N*SM  -                -             0.317 
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N fertilization had significantly improved GP of wheat on single year basis 
and over the years (Table 26). During both years grain protein ranged from 11.49 
% (observed lowest in unfertilized plots during 2010) to 12.03 % (observed 
higher in N added plots during 2011). 
SM had significantly varied grain protein of wheat in individual as well as 
over two years (Table 71 & 72). More specifically stubble incorporated plots 
resulted higher GPW (11.94 %) followed by burnt (11.76 %) and SR (11.59 %) 
plots on both year average basis (Table 26). The lowest GPW (11.58 %) was 
recorded in SR plots during 2010 and the highest (11.97 %) was recorded in SI 
during 2011. 
4.3. Phenological Observations 
 The effect of corn stubble management strategies with or without N, 
manage through different tillage systems on wheat phenology were recorded on 
the following response variables in term of days to occurring different life cycle 
events during growth period. 
4.3.1 Days to emergence 
Days to emergence (DE) over combined analysis had significantly affected 
by different tillage practices only. Years, N, stubble management and their 
interaction among as well as with TS had resulted non-significant results for DE. 
Planned mean contrasts and their interactions revealed non-significant results for 
DE.  
On both year average basis (Table 27), marginally more days to 
emergence (11 days) were recorded during Nov. 2009 as compared to Nov. 
2010 (11 days). Similarly statistically high days to emergence 12 were observed 
in deep tilled plots followed by conventional (11 days) and reduced (10 days) 
tilled plots. Table 27 further showed an almost similar trend (11 days) to 
emergence for different SM practices over the years.  
Maximum 12 days to emergence were observed (Table 27) in deep tilled 
plots during Nov. 2009 as compared to that of Nov. 2010 (11 days). On overall 
basis comparatively more no of days to emergence were observed for all tillage  
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Table 26. Grain protein (%) of wheat as affected by various tillage systems 
and stubble management practices. 
 
 
 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
* = Significant at p<0.05, ** = Significant at p<0.01, NS = non-significant 
 
 
  
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  11.90 a           11.94 a           11.92 a 
Conventional Tillage   11.78 ab           11.85 a           11.81 a 
Deep Tillage 11.54 b           11.55 a           11.55 b 
LSD(0.05)          0.28      NS         0.25 
Fertilizer-N ( kg N ha-1)    
0 11.49 b           11.53 b           11.51 b 
120 11.99 a           12.03 a           12.01 a 
Significance **              **               ** 
Stubble Management (SM)  
Removed  11.58 b          11.60 b           11.59 b 
Burnt     11.75 ab 11.76 ab 11.76 ab 
Incorporated  11.90 a          11.97 a           11.94 a 
LSD(0.05)           0.27        0.31         0.49 
Mean (Years)  11.74 a           11.78 a  
Interactions    P value P value P value 
N x SM  0.410          0.486            0.248 
TS x N  0.964          0.942            0.910 
TS x SM  0.997          0.993            0.994 
TS x N x SM  0.975          0.971            0.916 
Y*TS  -              -            0.964 
Y*N  -              -            0.956 
Y*SM  -              -            0.958 
Y*N*SM  -              -            0.984 
Y*TS*N  -              -            0.995 
Y*TS*SM  -              -            0.996 
Y*TS*N*SM  -              -            0.985 
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Table 27. Days to emergence as affected by various tillage systems and 
stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 23. Planned means comparisons (C) for days to emergence as affected 
by stubble management practices over two years. Vertical bars are 
LSD(0.05) values of means within each comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum 10 a 10 b                10 b 
Conventional  12 a 11 b                 11 ab 
Deep 12 a 11 a                12 a 
LSD NS   0.57                  0.78 
Stubble (SM)   
Management  kg N ha-1    
Removed 0 12 a 11 a                11 a 
Burnt  0 12 a 11 a                11 a 
Incorporated 0 11 a 11 a                11 a 
Removed 120 11 a 11 a                11 a 
Burnt  120 12 a 11 a                11 a 
Incorporated 120 11 a 11 a                11 a 
LSD  NS NS                NS 
Mean (Years)  11 a 11 a  
Interactions         P value        P value P value 
TS x SM     0.987     0.995                1.000 
Y x TS  - -                 0.474 
Y x SM  - -                 0.914 
Y x TS x SM  - -                 0.958 
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system during Nov. 2009 as compared to Nov. 2010 (Table 25). During 2011 and 
over the years all the SM plots regardless of fertilization, took similar (11) days to 
emergence however, during 2010 a bit late emergence (12 days) were observed 
in sole stubble removed, burnt and fertilized burnt plots. 
Planned mean comparison contrast No-N vs. N (Fig. 23) showed similar 
days to emergence (11 days) for sole SM plots and fertilized SM plots. Similarly 
SR, burnt and incorporated plots took equal period (11 days) to emergence. 
Planned mean comparisons interactions effects were non-significant for DE. 
4.3.2 Days to boot stage 
Days to boot stage (DBS) over the years had significantly affected by Y, N 
and SM while different tillage practices, Y x TS, Y x SM, TS x SM and Y x TS x 
SM interactions resulted non-significant results for DBS.  All planned mean 
comparisons contrasts except SR vs. others were significant however; their 
interactions were not significant for DBS. 
 Data presented in Table 28 showed statistically maximum (122 days) to 
boot stage during Feb. 2011 as compared to that of Feb. 2010 (119 days). No 
significant variations were observed for DBS in any of the tillage system. 
However, on individual year basis all the tillage system took maximum DBS 
during Feb. 2011 as compared to Feb. 2010 while on both year average basis 
almost similar or equal no of days were recorded for all tillage system. Table 28 
further described that stubble incorporated mix with fertilized –N took maximum 
days (123) to boot stage followed by fertilized burnt (122 days) and fertilized SR 
plots (122.29 days). Sole SR plots resulted minimum (117 days) to boot stage 
followed by sole burnt (117 days) and sole incorporated plots (121 days). 
 On individual as well as both year average basis (Table 28) burnt and SR 
plots mix with N took more days to boot stage during Feb. 2011 as compared to 
other stubble managed plots either sole or mix with N during Feb. 2010. N mixed 
SM and incorporated plots (Fig 24) took 123 days and 122 days respectively to 
boot stage against sole SM (118 days) and burnt (120 days) plots. Mean  
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Table 28. Days to boot stage as affected by various tillage systems and 
stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 24. Planned means comparisons (C) for days to boot stage as affected 
by stubble management practices over two years. Vertical bars are 
LSD(0.05) values of means within each comparison. 
 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum 120 a 122 a 121 a 
Conventional  119 a 123 a 121 a 
Deep 118 a 122 a 120 a 
LSD           NS          NS                 NS 
Stubble (SM)   
Management  kg N ha-1    
Removed 0 116 b 118 c 117 b 
Burnt  0 116 b   119 bc 117 b 
Incorporated 0   119 ab   122 ab 121 a 
Removed 120   120 ab 125 a 122 a 
Burnt  120   120 ab 125 a 122 a 
Incorporated 120 122 a 125 a 123 a 
LSD  4.06 4.28               2.90 
Mean (Years)  119 b 122 a  
Interactions      P value      P value P value 
TS x SM  1.000 1.000                1.000 
Y x TS  - -                0.525 
Y x SM  - -                0.826 
Y x TS x SM  - -                1.000 
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comparison for the treatment other (burnt + incorporated) slightly enhanced DBS 
(121 days) as compared to SR (120 days) plots.  
4.3.3 Days to anthesis 
 Days to anthesis (DA) over two years had significantly affected by years, 
N and SM practices while tillage system and all other interactions had resulted 
non-significant results for DA (Table 75). All planned mean comparisons except 
contrast SR vs. others (burnt + incorporated) were significant for DA while all 
mean comparisons interactions were non-significant for DA. 
Data (Table 29) depicted statistically high DA (131 days) during March 
2011 as compared to that of March 2010 (127 days). Over the years non-
significantly high DA (130 days) was recorded in reduced tilled plots followed by 
conventional (129 days) and deep (128 days) tilled plots. DA was decreased as 
the tillage depth increased and the same trend was observed in both individual 
years however; maximum DA (131 days) was observed in minimally tilled plots 
during March 2011 as compared to March 2010 (128 days). 
Over the years addition of fertilizer N had significantly increased days to 
anthesis as compared to unfertilized SM plots. Table 27 further depicted 
statistically greater DA (133 days) in the SI plots mix with N followed by fertilized 
stubble burnt and fertilized bare (130 days) plots. Minimum DA (126 days) was 
recorded in sole bare plots followed by sole burnt (127 days) and incorporated 
(128 days) plots. 
 Maximum DA (135 days) was recorded in the SI plots mix with N during 
March 2011 followed by fertilized stubble burnt and fertilized bare plots (132 
days). During 2011 all SM plots took more DA as compared to SM plots during 
2010 (Table 29).  
 Planned mean comparisons for SM (Fig. 25) revealed maximum DA (131 
days) for fertilized stubble managed plots against unfertilized stubble managed 
plots (127 days). The treatment other (burnt + incorporated) showed non-
significantly more DA (129 days) as compared to bare (128 days) plots while 
statistically maximum DA (130 days) was recorded in SI plots as compared to  
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Table 29. Days to anthesis as affected by various tillage systems and stubble 
management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 25. Planned means comparisons (C) for days to anthesis as affected 
by stubble management practices over two years. Vertical bars are 
LSD(0.05) values of means within each comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum 128 a 131 a               130 a 
Conventional  127 a 130 a               129 a 
Deep 126 a 130 a               128 a 
LSD           NS          NS             NS 
Stubble (SM)   
Management  kg N ha-1    
Removed 0 124 b 128 b               126 c 
Burnt  0 125 b 128 b                127 bc 
Incorporated 0 126 b 130 b                128 bc 
Removed 120   128 ab   132 ab               130 b 
Burnt  120   128 ab   132 ab               130 b 
Incorporated 120 131 a 135 a               133 a 
LSD  4.39 4.45               3.07 
Mean (Years)  127 b 131 a  
Interactions       P value      P value P value 
TS x SM   1.000 1.000 1.000 
Y x TS  - - 0.967 
Y x SM  - - 0.998 
Y x TS x SM  - - 1.000 
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burnt (128 days) plots. Planned mean interactions effect was not significant in 
terms of DA variations. 
4.3.4 Days to physiological maturity  
  Over two years days to physiological maturity (DPM) had significantly 
affected by years and fertilizer N while tillage systems, stubble management and 
all other interactions resulted non-significant effect on DPM. All planned mean 
comparisons except contrast No-N vs. N and planned mean interactions had 
resulted significant results in terms of DPM variations. 
Data (Table 30) showed statistically maximum DPM (163) during May 
2011 as compared to May 2010 (156 days). Non-significantly maximum (161) 
days to PM were recorded on both year average basis in reduced tilled plots 
followed by conventional (160 days) and deep (159 days) tilled plots. Table 28 
further depicted that DPM were almost remain the same for tillage systems 
during both individual years however; maturity non significantly delayed as the 
tillage depth decreased for crop of May 2011 (163-164 days) as compared to 
crop of May 2010 (155-157 days).  
Among different management practices; SI plots mix with N over the years 
had resulted statistically maximum PM (167) followed by fertilized burnt (164 
days) and fertilized bare (161 days) plots while sole bare plots had resulted 
lesser DPM (154) followed by sole burnt (155 days) and sole incorporated (159 
days) plots. It clearly depicted from Table 30 that the delay in PM was due to the 
application of recommended dose of fertilizer N at the time of stubble 
management practices. 
 During 2011 wheat crop in SI plots took maximum days (171) towards PM 
followed by fertilized burnt (168 days) and fertilized bare (165 days) plots.  Sole 
bare plots took less days to PM (151) during year 2010 followed by sole burnt 
(152 days) and sole incorporated (155 days) plots.  
Planned mean comparisons (Fig. 26) depicted significantly maximum days 
to PM (164) in fertilized stubble managed plots as compared to unfertilized 
stubble managed (156 days) plots. Burnt + incorporated and incorporation of  
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Table 30. Days to physiological maturity as affected by various tillage 
systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 26. Planned means comparisons (C) for days to physiological maturity 
as affected by stubble management practices over two years. 
Vertical bars are LSD(0.05) values of means within each comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum         157 a       164 a            161 a 
Conventional          156 a       163 a            160 a 
Deep         155 a       163 a            159 a 
LSD          NS        NS           NS 
Stubble (SM)   
Management  kg N ha-1    
Removed 0        151 c       156 c           154 d 
Burnt  0        152 bc       158 bc             155 cd 
Incorporated 0  155 abc 162 abc 159 bcd 
Removed 120  157 abc 165 abc 161 abc 
Burnt  120        159 ab       168 ab             164 ab 
Incorporated 120        163 a       171 a           167 a 
LSD           8.15       10.72           6.61 
Mean (Years)         156 b       163 a  
Interactions     P value  P value P value 
TS x SM          1.000       1.000           1.000 
Y x TS  - -           0.951 
Y x SM  - -           0.986 
Y x TS x SM  - -          1.000 
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stubble took maximum (161 days) and (163) days to PM respectively against 
bare (157 days) and burnt (159 days) plots. All planned mean comparison 
interactions for SM had resulted non-significant results in terms of variations in 
DPM. 
4.4. Physiological Observations   
 The impacts of different SM practices with and without N through various 
tillage systems were evaluated for the following different physiological 
characteristics of wheat crop and results were described in the following 
paragraphs. 
4.4.1 Leaf area at anthesis 
 Average leaf area at anthesis (LAA) over two years had significantly 
affected by N, and stubble management practices only while years, tillage 
systems and all other interactions had resulted non-significant results for leaf 
area variations. All planned mean comparisons except contrast burning vs. 
incorporation were significant however; non-significant results were obtained for 
all planned mean comparisons interactions regarding variations in average LAA. 
 Data presented in Table 31 showed statistically similar leaf size during 
growing seasons of both years however; LAA was little increased (24.61 cm2)   
during year 2011 as compared to that of year 2010 (24.14 cm2). On both years 
average basis non-significantly high LAA (24.75 cm2) was recorded in reduced 
tilled plots followed by conventional (24.28 cm2) and deep (24.10 cm2) tillage 
plots. Maximum LAA (25.04 cm2) was recorded in reduce tilled plots during 
March 2011 as compared to that of March 2010 (24.45 cm2). In both years LAA 
were decreased as the tillage depth increased and the difference in LAA was 
more conspicuous between reduce tilled plots of both individual year compare to 
other tillage system (Table 31).   
Over the years fertilized (120 kg N ha-1) SI plots (Table 31) had 
significantly increased LAA (27.14 cm2) as compared to rest of SM. Minimum 
LAA (21.46 cm2) was recorded in sole bare plots over the years followed by sole 
burnt (22.96 cm2) and sole incorporated (23.62 cm2) plots. During both years N  
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Table 31. Average leaf area at anthesis (cm2) as affected by various tillage 
systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 27. Planned means comparisons (C) for average leaf area at anthesis 
(cm2) as affected by stubble management practices over two years. 
Vertical bars are LSD(0.05) values of means within each comparison. 
 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum      24.45 a      25.04 a          24.75 a 
Conventional       24.05 a      24.52 a           24.28 a 
Deep      23.91 a      24.28 a           24.10 a 
LSD       NS      NS     NS 
Stubble (SM)   
Management  kg N ha-1    
Removed 0      21.15 d     21.76 d           21.46 e 
Burnt  0 22.82 bcd     23.10 cd 22.96 de 
Incorporated 0 23.42 bcd 23.82 bcd 23.62 cd 
Removed 120 24.87 abc 25.36 abc 25.12 bc 
Burnt  120      25.60 ab     26.34 ab 25.97 ab 
Incorporated 120      26.98 a     27.30 a           27.14 a 
LSD         2.62       2.79         1.88 
Mean (Years)       24.14 a     24.61 a  
Interactions        P value      P value P value 
TS x SM  1.000        1.000             1.000 
Y x TS  - -             0.987 
Y x SM  - -             1.000 
Y x TS x SM  - -             1.000 
   
83 
 
fertilization with 120 kg N ha-1 had significantly increased leaf area as compared 
to un-fertilization while SM effect was not significant. LAA was ranged from 21.15 
cm2 (lowest in unfertilized stubble removed plots during 2010) to 27.30 cm2 
(highest in fertilized stubble incorporated plots during 2011).  
Planned mean comparisons data (Fig. 27) showed statistically high (26.08 
cm2) LAA for stubble managed plots mix with N against unfertilized stubble 
managed (22.68 cm2) plots. Similarly (burnt + incorporated) together had 
significantly enhanced LLA (24.92 cm2) over bare (23.29 cm2) plots. However, 
insignificantly high LAA (25.38 cm2) were measured in SI plots against burnt 
(24.47 cm2) plots. All planned mean comparisons interactions for SM had 
resulted non-significant results for variations in LAA. 
4.4.2 Leaf area index 
 Leaf area index (LAI) over combined analysis basis had significantly 
affected by years, TS, N and stubble management practices while all other 
interactions had resulted non-significant variations in LAI. All planned mean 
comparisons for SM except their interactions had significantly affected LAI. 
 Data (Table 32) revealed statistically maximum LAI (3.66) during year 
2011 as compared to year 2010 (3.36). On both year mean basis maximum LAI 
was calculated for reduce tillage system (3.72) followed by conventional (3.45) 
and deep (3.36) tillage systems. A decreasing trend in all tillage system was 
observed as the tillage depth increased during both year however; reduced tilled 
plots revealed maximum LAI (3.92) during year 2011 followed by conventional 
(3.57) and deep (3.49) plowed plots (Table 32). Comparatively minimum LAI 
(3.23) was recorded in deep tilled plots during year 2010 followed by 
conventional (3.33) and reduced (3.52) tilled plots.   
Over the years statistically maximum LAI (4.25) was measured for 
fertilized SI plots followed by fertilized burnt (3.85) and fertilized bare (3.58) plots 
while minimum  LAI (2.88) were measured in sole bare plots followed by sole 
burnt (3.17) and sole incorporated (3.32) plots. Table 30 further revealed LAI in  
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Table 32. Leaf area index as affected by various tillage systems and stubble 
management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 28. Planned means comparisons (C) for leaf area index as affected by 
stubble management practices over two years. Vertical bars are 
LSD(0.05) values of means within each comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum 3.52 a       3.92 a               3.72 a 
Conventional  3.33 a       3.57 b               3.45 b 
Deep 3.23 a       3.49 b               3.36 b 
LSD          NS       0.24             0.24 
Stubble (SM)   
Management  kg N ha-1    
Removed 0         2.77 d       2.98 d             2.88 e 
Burnt  0  3.03 cd 3.31 cd 3.17 de 
Incorporated 0         3.18 c       3.46 c 3.32 cd 
Removed 120  3.44 bc 3.74 bc 3.59 bc 
Burnt  120         3.66 b 4.03 ab              3.85 b 
Incorporated 120         4.08 a       4.43 a              4.25 a 
LSD          0.41        0.45            0.30 
Mean (Years)          3.36 b        3.66 a  
Interactions    P value   P value    P value 
TS x SM  0.996        0.891             0.794 
Y x TS  - -             0.738 
Y x SM  - -             0.995 
Y x TS x SM  - -            1.000 
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the range of 2.77 (minimum in unfertilized stubble removed plots during 2010) to 
4.43 (maximum in SI plots mix with N during year 2011).  
Planned mean comparison for SM (Fig. 28) revealed statistically high LAI 
(3.92) for stubble managed plots mix with N, other (burnt + incorporated)  
(3.58) and SI (3.71) plots against unfertilized stubble managed plots (2.93), 
removed (3.11) and burnt (3.45) plots respectively. However, all planned mean 
comparisons interactions for SM had resulted non-significant results in term of 
LAI variations. 
4.4.3 Leaves dry weight at anthesis 
 Leaves dry weight at anthesis (LDA) over combined years had 
significantly affected by Y, tillage systems, N and stubble management practices 
while no significant differences in LDA were recorded for all interactions. 
Significant differences for all planned mean comparisons were recorded for LDA 
however; planned mean comparison interactions had resulted non- significant 
effects. 
 At anthesis leaves dry weight significantly increased (177.36 g m-2) during 
year 2011 as compared to that (150.31 g m-2) of year 2010 (Table 33). Further, 
minimum tillage improved LDA and statistically high (178.30 g m-2) was recorded 
as compared to conventional (159.90 g m-2) and deep (153.30 g m-2) tillage 
systems over the years. During both years LDA ranged from 140 g m-2 (lowest in 
deep plowed plots during 2010) to 193.25 g m-2 (highest in reduce tilled plots 
during 2011). 
Similarly significantly high LDA (211.51 g m-2) was resulted over two years 
for SI plots mix with N followed by burnt (168.34 g m-2) and bare (167.34 g m-2) 
plots mix with N while sole bare plots resulted less LDA (122.16 g m-2) followed 
by sole burnt (141.06 g m-2) and sole incorporated (154.60 g m-2) plots (Table 
33). SI mix with N resulted significantly high LDA (228.59 g m-2)  during year 
2011 followed by fertilized burnt (202.52 g m-2) plots. Significantly minimum LDA 
(111.04 g m-2) were recorded in sole bare plots during 2010 followed by sole 
burnt (129.54 g m-2) plots.  
   
86 
 
Table 33. Leaves dry weight (g m-2) at anthesis as affected by various tillage 
systems and stubble management practices. 
 Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
 
Fig. 29. Planned means comparisons (C) for leaves dry weight (g m-2) at 
anthesis as affected by stubble management practices over two 
years. Vertical bars are LSD(0.05) values of means within each 
comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum 163.35 a      193.25 a           178.30 a 
Conventional  147.20 b  172.60 ab           159.90 b 
Deep 140.37 b      166.23 b           153.30 b 
LSD          14.39        23.46           12.25 
Stubble (SM)   
Management  kg N ha-1    
Removed 0       111.04 e      133.27 e          122.16 e 
Burnt  0   129.24 de  152.88 de          141.06 d 
Incorporated 0   142.16 cd  167.05 cd 154.60 cd 
Removed 120   154.83 bc  179.84 bc          167.34 c 
Burnt  120       170.17 b      202.52 b          186.34 b 
Incorporated 120       194.42 a      228.59 a          211.51 a 
LSD          21.63        22.87          15.46 
Mean (Years)        150.31 b      177.36 a  
Interactions        P value      P value          P value 
TS x SM   0.967   1.000            0.965 
Y x TS  - -            0.908 
Y x SM  - -            0.961 
Y x TS x SM  - -            1.000 
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Planned mean data presented in Fig. 29 depicted that stubble managed 
plot mix with N, the treatment other (burnt + incorporated) and incorporation had 
statistically surpassed LDA (151.37 g m-2), (146.23 g m-2) and (149.46 g m-2) 
respectively against stubble managed plots without N (134.43 g m -2), SR plots 
(136.25 g m-2) and burnt (142.99 g m-2) plots. All planned mean comparison 
interactions was not significant for LDA. 
4.4.4 Leaves dry weight at maturity 
 Over two years leaves dry weight at maturity (LDM) had significantly 
affected by Y, tillage systems, N and stubble management practices while all 
other interactions effect on LDM was non-significant. All planned mean 
comparisons except burning vs. incorporation had significantly affected LDM 
while all planned mean interactions had resulted non-significant result for LDM. 
 Statistically increased LDM (63.05 g m-2) was recorded (Table 34) during 
May 2011 as compared to that of May 2010 (51.61 g m-2). On both year average 
basis significantly high LDM (62.07 g m-2) was recorded in reduce tilled plots as 
compared to conventional (57.04 g m-2) and deep (52.87 g m-2) tilled plots (Table 
32). Data in Table 32 further revealed that reduce tilled plots during May 2011 
had resulted high LDM (68.46 g m-2) as compared to that of May 2010 (55.69 g 
m-2) followed by conventional (62.00 g m-2) and deep (58.68 g m-2) tilled plots 
during May 2011. Least LDM (47.06 g m-2) was resulted from deep plowed plots 
during May 2010 followed by conventional (52.08 g m-2) tilled plots.  
Statistically high LDM (68.70 g m-2) was observed in SI mix with N 
followed by burnt (62.56 g m-2) and bare (58.09 g m-2) plots mix with N over the 
years (Table 34). Minimum LDM (47.27 g m-2) was recorded in the sole bare 
plots followed by sole burnt (52.91 g m-2) and sole incorporated (54.45 g m-2) 
plots. On single year basis maximum LDM (75.90 g m-2) was resulted in the SI 
mix with N during May 2011 followed by burnt (69.20 g m-2) and bare (63.64 g m-
2) plots mix with N. Least LDM (42.48 g m-2) was recorded in sole bare plots 
during 2010 followed by sole burnt (47.78 g m-2) and sole incorporated (49.47 g 
m-2) plots.  
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Table 34. Leaves dry weight (g m-2) at maturity as affected by various tillage 
systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 30. Planned means comparisons (C) for leaves dry weight (g m-2) at 
maturity as affected by stubble management practices over two 
years. Vertical bars are LSD(0.05) values of means within each 
comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum       55.69 a 68.46 a          62.07 a 
Conventional        52.08 a 62.00 a 57.04 ab 
Deep       47.06 a 58.68 a          52.87 b 
LSD       NS        NS        6.41 
Stubble (SM)   
Management  kg N ha-1    
Removed 0       42.48 c       52.06 d            47.27 d 
Burnt  0       47.78 bc   58.04 cd 52.91 cd 
Incorporated 0       49.47 bc   59.42 cd           54.45 c 
Removed 120  52.54 abc   63.64 bc       58.09 bc 
Burnt  120       55.91 ab   69.20 ab 62.56 ab 
Incorporated 120       61.49 a       75.90 a           68.70 a 
LSD        10.14         9.63         6.87 
Mean (Years)        51.61 b       63.05 a  
Interactions        P value P value P value 
TS x SM          1.000 1.000             1.000 
Y x TS  - -             0.889 
Y x SM  - -             0.976 
Y x TS x SM  - -             1.000 
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Planned mean comparison data presented in Fig. 30 depicted that SM plots 
mix with N had statistically surpassed LDM (63.11 g m-2) against SM plots treated 
without N (51.54 g m-2). Similarly the treatment other (burnt + incorporated) had 
significantly increased LDM (59.65 g m-2) against sole bare (52.68 g m-2) plots. 
No significant differences were recorded for contrast burnt (57.73 g m-2) vs. 
incorporation (61.57 g m-2) as well as for all planned mean comparison 
interactions in term of LDM. 
4.4.5 Flag leaf dry weight at anthesis 
Over the years flag leaf dry weight at anthesis (FLDA) had significantly 
affected by Y, tillage systems, N and SM while all other interactions except Y x 
TS x N x SM had resulted non-significant results for FLDA. All planned mean 
comparisons except their interactions were significant for FLDA. 
 Data presented in Table 35 showed that statistically high FLDA (47.52 g 
m-2) was recorded during May 2011 as compared to that (38.19 g m-2) of May 
2010. Further, on both years average basis significantly high FLDA (47.73 g m-2) 
was recorded in reduce tilled plots followed by conventional (42.27 g m-2) and 
deep (38.56 g m-2) tilled plots. Similarly, significantly high FLDA (60.24 g m-2) 
was recorded in SI plots mix with N followed by stubble burnt (53.31 g m-2) and 
bare (47.28 g m-2) plots mix with N. Significantly least FLDA (27.03 g m-2) was 
recorded in sole bare plots followed by sole burnt (31.38 g m-2) and sole 
incorporated (37.89 g m-2) plots (Table 35). 
  Maximum FLDA (52.79 g m-2) was recorded in reduce tilled plot during 
year 2011 followed by conventional (46.35 g m-2) and deep (43.43 g m-2) plot. 
Conventional tillage and deep tillage showed better results respectively during 
year 2011 as compared to that of year 2010 (Table 33). Further, on both year 
average basis significantly maximum FLDA (65.14 g m-2) was resulted in SI plots 
mix with N during year 2011 followed by burnt (57.83 g m-2) plots. Bare and burnt 
plots mix with N had resulted maximum FLDA during year 2011 as compared to 
that of year 2010. Least FLDA (24.37 g m-2) was recorded in sole bare plots 
during year 2010 followed by sole burnt (27.10 g m-2) plots.   
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Table 35. Flag leaf dry weight (g m-2) at anthesis as affected by various tillage 
systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
 
Fig. 31. Planned means comparisons (C) for flag leaf dry weight (g m-2) at 
anthesis as affected by stubble management practices over two 
years. Vertical bars are LSD(0.05) values of means within each 
comparison. 
 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum        42.68 a 52.79 a 47.73 a 
Conventional   38.18 ab 46.35 b 42.27 b 
Deep        33.69 b 43.43 b 38.56 b 
LSD          7.25 4.65              3.83 
Stubble (SM)   
Management  kg N ha-1    
Removed 0        24.37 e 29.70 e               27.03 f 
Burnt  0        27.10 e 35.66 d 31.38 e 
Incorporated 0        32.95 d 42.84 c 37.89 d 
Removed 120        40.57 c 53.98 b 47.28 c 
Burnt  120        48.79 b 57.83 b 53.31 b 
Incorporated 120        55.34 a 65.14 a 60.24 a 
LSD           4.84 5.41              3.56 
Mean (Years)         38.19b 47.52 a  
Interactions  P value P value P value 
TS x SM  0.958 0.334 0.354 
Y x TS  - - 0.844 
Y x SM  - - 0.397 
Y x TS x SM  - - 0.889 
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Planned mean comparison data (Fig. 31) showed significantly high FLDA 
(53.61 g m-2) for stubble managed plots mix with N as compared to stubble 
managed plots without N (32.10 g m-2). Similarly, treatment other (burnt + 
incorporated) and incorporated plots had resulted statistically high FLDA (45.70 g 
m-2), (49.07 g m-2) respectively against bare (37.15 g m-2) and burnt (42.37 g m-2) 
plots. All planned mean interactions had resulted non-significant results for FLDA. 
4.4.6 Flag leaf dry weight at maturity 
 Over two years flag leaf dry weight at maturity (FLDM) had significantly 
affected by tillage systems, N and stubble management practices while years and 
all other interactions were non-significant for FLDM. All planned mean 
comparisons except their interactions had significantly affected FLDM. 
 Data presented regarding FLDM in Table 36 showed that on average basis 
maximum FLDM (46.56 g m-2) was recorded during year 2011 as compared to that 
of year 2010 (38.14 g m-2). Unlikely, significantly high FLDM (52.65 g m-2) was 
recorded in reduce tilled plots followed by conventional (41.12 g m-2) and deep 
(33.27 g m-2) tilled plots over two years. Similarly SI plots mix with N had resulted 
significantly high FLDM (61.38 g m-2) followed by burnt (54.67 g m-2) and bare 
(46.20 g m-2) plots mix with N. Minimum FLDM (24.44 g m-2) was recorded in the 
unfertilized removed plots followed by sole burnt (29.58 g m-2) and incorporated 
(37.83 g m-2) plots. 
 Data (Table 36) showed that on individual year basis significantly high 
FLDM (57.28 g m-2) was recorded in reduce tilled plots during year 2011 as 
compared to that of year 2010 (48.02 g m-2)  while least FLDM (29.35 g m-2) 
was recorded in deep tilled plots during year 2010 followed by conventional 
(37.04 g m-2) tilled plots. On single year basis maximum FLDM (65.40 g m-2) 
was resulted in SI plots mix with N during year 2011 followed by burnt (59.85 g 
m-2) plots mix with N and SI plots (57.36 g m-2) mix with N during 2010 while 
minimum FLDM (21.18 g m-2) was recorded in sole bare plots during year 2010 
followed by sole burnt (25.66 g m-2) plots. Sole incorporated plots proved better 
for FLDM than burnt and stubble removed plots during both years. 
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Table 36. Flag leaf dry weight (g m-2) at maturity as affected by various tillage 
systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
 
 
Fig. 32. Planned mean comparisons (C) for flag leaf dry weight (g m-2) at 
maturity as affected by stubble management practices over two 
years. Vertical bars are LSD(0.05) values of means within each 
comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum 48.02 a 57.28 a 52.65 a 
Conventional  37.04 b 45.21 b 41.12 b 
Deep 29.35 c 37.20 c 33.27 c 
LSD           3.79         4.53              2.63 
Stubble (SM)   
Management  kg N ha-1    
Removed 0 21.18 f 27.71 f               24.44 f 
Burnt  0 25.66 e 33.50 e  29.58 e 
Incorporated 0 33.35 d 42.30 d 37.83 d 
Removed 120 41.79 c 50.62 c 46.20 c 
Burnt  120 49.49 b 59.85 b 54.67 b 
Incorporated 120 57.36 a 65.40 a 61.38 a 
LSD  3.77 4.09              2.73 
Mean (Years)  38.14 a 46.56 a  
Interactions  P value P value P value 
TS x SM  0.827 0.545 0.217 
Y x TS  - - 0.831 
Y x SM  - - 0.823 
Y x TS x SM  - - 0.999 
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Data presented in Fig. 33 showed that statistically high FLDM (54.08 g m-
2) was resulted in SM plots mix with N against unfertilized stubble managed 
(30.61 g m-2). Similarly, burnt +incorporated combined and incorporated plots 
had significantly increased FLDM (45.86 g m-2), (49.60 g m-2) respectively 
against bare (35.32 g m-2) and burnt (42.12 g m-2) plots. All planned mean 
interactions had resulted non-significant results for FLDM. 
4.4.7 Stem dry weight at anthesis 
Over combined years analysis stem dry weight at anthesis stage (SDA) 
had significantly affected by Y, TS, N and SM while all other interactions were 
non-significant. All planned mean comparisons except their interactions had 
significantly affected SDA. 
 Data presented in Table 37 showed that statistically higher SDA (287.87 g 
m-2) was recorded during year 2011 as compared to year 2010 (257.71 g m-2) 
while on both year average basis significantly greater SDA (280.62 g m-2) was 
recorded in reduce tilled plots followed by conventional (271.32 g m-2) and deep 
(266.13 g m-2) plowed plots. Similarly, on both year average basis statistically 
increased SDA (298.84 g m-2) was recorded in SI plots mix with N followed by 
burnt (285.06 g m-2) and bare (274.86 g m-2) plots mix with N respectively. 
However, minimum SDA (248.71 g m-2) was recorded in sole bare plots followed 
by burnt (260.28 g m-2) and incorporated (268.40 g m-2) plots. 
 Data presented in Table 37 further depicted that maximum SDA was 
resulted in reduce tilled plots (297.86 g m-2) during year 2011 followed by 
conventional (284.37 g m-2) and deep (280.79 g m-2) tilled plots while minimum 
SDA was recorded in deep tilled plots (251.48 g m-2) during year 2010 followed 
by conventional (258.27 g m-2) and reduce (263.39 g m-2) tilled plots. Similarly, 
maximum SDA (318.65 g m-2) was recorded in SI plots mix with N during year 
2011 followed by burnt (303.99 g m-2) and bare (288.48 g m-2) plots mix with N 
while least SDA (236.98 g m-2) was resulted in sole bare plots during year 2010 
followed by sole burnt (248.20 g m-2) and sole incorporated (254.68 g m-2) plots. 
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Table 37. Stem dry weight (g m-2) at anthesis as affected by various tillage 
systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 33. Planned mean comparisons (C) for stem dry weight (g m-2) at 
anthesis as   affected by stubble management practices over two 
years. Vertical bars are LSD(0.05) values of means within each 
comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum 263.39 a 297.86 a         280.62 a 
Conventional  258.27 a 284.37 a     271.32 ab 
Deep 251.48 a 280.79 a         266.13 b 
LSD        NS       NS           9.77 
Stubble (SM)   
Management  kg N ha-1    
Removed 0       236.98 d      260.44 d          248.71 e 
Burnt  0  248.20 cd  272.36 cd 260.28 de 
Incorporated 0  254.68 bc      282.11 c 268.40 cd 
Removed 120  261.23 bc  288.48 bc 274.86 bc 
Burnt  120  266.14 ab  303.99 ab          285.06 b 
Incorporated 120       279.04 a      318.65 a          298.84 a 
LSD          14.76        18.88          11.77 
Mean (Years)        257.71 b      287.67 a  
Interactions        P value P value          P value 
TS x SM  0.996   1.000            1.000 
Y x TS  - -            0.652 
Y x SM  - -            0.630 
Y x TS x SM  - -            1.000 
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Data presented in Fig. 33 showed that statistically high SDA (286.25 g 
m-2) was recorded for SM plots mix with N as compared to SM plots without N 
(259.13 g m-2). Similarly, burnt + incorporated and incorporated plots had 
resulted significantly high SDA (278.15 g m-2), (283.62 g m-2) respectively against 
bare (261.78 g m-2) and burnt (272.67 g m-2) plots. All planned mean 
comparisons interactions were non-significant for SDA. 
4.4.8 Stem dry weight at maturity 
 Over two years analysis basis stem dry weight at maturity (SDM) had 
significantly affected by years, tillage system, N and stubble management 
practices while all other interactions had resulted non-significant results for SDM. 
All planned mean comparisons except burning vs. incorporations had resulted 
significant results for SDM while all planned mean interactions were non-
significant. 
 Data presented in Table 38 showed that significantly high SDM (492.40 g 
m-2) was observed during year 2011 as compared to that (421.77 g m-2) of year 
2010. Similarly, statistically maximum SDM (475.66 g m-2) was resulted on 
average basis in reduce tilled plots followed by conventional (455.90 g m-2) and 
deep (439.69 g m-2) tilled plots however; statistically maximum SDM (510.30 g m-
2) was recorded in SI plots mix with N followed by burnt (479.22 g m-2) and bare 
(458.99 g m-2) plots mix with N while minimum SDM (414.94 g m-2) was recorded 
in sole bare plots followed by sole burnt (435.42 g m-2) and incorporated (443.61 
g m-2) plots. 
 Further, Table 38 depicted that significantly high SDM (516.03 g m-2) was 
recorded in reduce tilled plots during year 2011 followed by conventional (487.95 
g m-2) and deep (473.21 g m-2) tilled plots while minimum SDM (406.17 g m-2) 
was recorded in deep tilled plots during 2010 followed by conventional (423.84 g 
m-2) and reduce (435.29 g m-2) tilled plots. Similarly, maximum SDM (553.01 g m-
2) was recorded in SI plots mix with N during year 2011 followed by burnt (522.47 
g m-2) and bare (493.76 g m-2) plots mix with N while least SDM (386.63 g m-2)  
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Table 38. Stem dry weight (g m-2) at maturity as affected by various tillage 
systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 34. Planned mean comparisons (C) for stem dry weight (g m-2) at 
maturity as   affected by stubble management practices over two 
years. Vertical bars are LSD(0.05) values of means within each 
comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum      435.29 a       516.03 a         475.66 a 
Conventional       423.84 a     487.95 ab  455.90 ab 
Deep      406.17 a       473.21 b         439.69 b 
LSD      NS        35.60        21.80 
Stubble (SM)   
Management  kg N ha-1    
Removed 0      386.63 d      443.25 d         414.94 e 
Burnt  0      405.73 cd  465.12 cd 435.42 de 
Incorporated 0      410.47 bcd      476.76 c 443.61 cd 
Removed 120      424.22 bc  493.76 bc 458.99 bc 
Burnt  120      435.97 b  522.47 ab          479.22 b 
Incorporated 120      467.59 a      553.01 a          510.30 a 
LSD        28.17        33.16         21.36 
Mean (Years)       421.77 b      492.40 a  
Interactions       P value      P value          P value 
TS x SM  1.000   1.000            1.000 
Y x TS  - -            0.683 
Y x SM  - -            0.626 
Y x TS x SM  - -            1.000 
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 was resulted in sole bare plots during year 2010 followed by sole burnt 
(405.73 g m-2) and sole incorporated (410.47 g m-2) plots. 
Planned mean comparison data presented in Fig. 34 showed that 
statistically high SDM (482.84 g m-2) was recorded in SM plots mix with N against 
SM plots without N (431.33 g m-2). Similarly, burnt + incorporated had resulted 
statistically high SDM (467.14 g m-2) against bare (436.97 g m-2) plots while 
significantly high SDM (476.96 g m-2) was resulted in incorporated plots against 
burnt (457.32 g m-2) plots. All planned mean comparison interactions were non-
significant for SDM.      
4.4.9 Peduncle dry weight at anthesis 
Peduncle dry weight at anthesis (PDA) had significantly affected by years, 
tillage system, N and stubble management while all other interactions had 
resulted insignificant results for PDA. All planned mean comparisons had 
resulted significant results for PDA however, planned interactions were non-
significant for PDA. 
Data presented in Table 39 showed that statistically high PDA (32.20 g m-
2) was recorded during year 2011 as compared to that of year 2010 (26.81 g m-2). 
Similarly, on both years average basis significantly high PDA (31.96 g m-2) was 
resulted in minimum tilled plots followed by conventional (29.30 g m-2) and deep 
(27.25 g m-2) tilled plots however; statistically maximum PDA (36.94 g m-2) was 
recorded in SI plots mix with N followed by burnt (33.13 g m-2) and bare (30.12 g 
m-2) plots mix with N while minimum PDA (23.33 g m-2) was recorded in sole bare 
plots followed by sole burnt (25.65 g m-2) and sole incorporated (27.87 g m-2) 
plots. 
Within individual year (Table 39) non-significantly maximum PDA (35.04 g 
m-2) was recorded in reduce plowed plots during year 2011 followed by 
conventional (31.64 g m-2) and deep (29.93 g m-2) tilled plots while minimum  
PDA (24.57 g m-2) was recorded in deep tilled plots during 2010 followed by 
conventional (26.97 g m-2) and reduce (28.89 g m-2) tilled plots. Similarly, 
maximum PDA (40.02 g m-2) was recorded in SI plots mix with N during year  
   
98 
 
Table 39. Peduncle dry weight (g m-2) at anthesis as affected by various 
tillage systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
 
Fig. 35. Planned means comparisons (C) for peduncle dry weight (g m-2) at 
anthesis as affected by stubble management practices over two 
years. Vertical bars are LSD(0.05) values of means within each 
comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum         28.89 a       35.04 a             31.96 a 
Conventional      26.97 ab   31.64 ab             29.30 b 
Deep         24.57 b       29.93 b             27.25 b 
LSD          3.52         4.23           2.45 
Stubble (SM)   
Management  kg N ha-1    
Removed 0        20.87 d        25.79 d           23.33 e 
Burnt  0   23.26 cd   28.03 cd    25.65 de 
Incorporated 0   25.38 cd   30.37 cd 27.87 cd 
Removed 120   27.39 bc   32.85 bc 30.12 bc 
Burnt  120   30.10 ab   36.15 ab 33.13 ab 
Incorporated 120        33.85 a       40.02 a           36.94 a 
LSD           4.59         5.05         3.35 
Mean (Years)         26.81b       32.20 a  
Interactions         P value P value P value 
TS x SM  1.000 1.000              1.000 
Y x TS  - -              0.809 
Y x SM  - -              0.997 
Y x TS x SM  - -              1.000 
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2011 followed by fertilized-N burnt (36.15 g m-2) plots while least PDA (20.87 g 
m-2) was resulted in sole bare plots during year 2010 followed by sole burnt 
(23.26 g m-2) and sole incorporated (25.38 g m-2) plots. 
Planned mean comparison data presented in Fig. 35 showed that 
statistically high PDA (33.40 g m-2) was recorded in SM plots mix with N against 
SM plots without N (25.62 g m-2). Similarly, integrated effect of burnt + 
incorporated had resulted statistically high PDA (30.90 g m-2) against bare (26.72 
g m-2) plots while non-significantly high PDA (32.41 g m-2) was resulted in 
incorporated plots against burnt (29.39 g m-2) plots.   
4.4.10 Peduncle dry weight at maturity 
Over two years peduncle dry weight at maturity (PDM) had significantly 
affected by Y, N and stubble management while TS and all other interactions had 
resulted non-significant results. All planned mean comparisons except their 
interactions had resulted significant results for PDM. 
Data presented in Table 40 showed that statistically high PDM (63.62 g m-
2) was recorded during year 2011 as compared to that of year 2010 (54.52 g m-2). 
However, on both years average basis non-significantly maximum PDM (61.49 g 
m-2) was resulted in reduce plowed plots followed by conventional (56.70 g m-2) 
and deep (57.03 g m-2) tilled plots while; statistically maximum PDM (68.69 g m-2) 
was recorded in SI plots mix with N followed by burnt (63.59 g m-2) and bare 
(60.28 g m-2) plots mix with N while minimum PDM (50.38 g m-2) was recorded in 
sole bare plots followed by sole burnt (54.44 g m-2) and sole incorporated (57.25 
g m-2) plots. 
During both individual year (Table 40) non-significantly maximum PDM 
(66.07 g m-2) was observed in minimum tilled plots during year 2011 followed by 
conventional (63.10 g m-2) and deep (61.70 g m-2) tilled plots while minimum PDM 
(52.35 g m-2) was recorded in deep tilled plots during 2010 followed by 
conventional (54.31 g m-2) and reduce (56.51 g m-2) tilled plots. Similarly 
significantly maximum PDM (73.50 g m-2) was recorded in SI plots mix with N 
during year 2011 followed by burnt (69.26 g m-2) and bare (64.63 g m-2) plots mix  
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Table 40. Peduncle dry weight (g m-2) at maturity as affected by various 
tillage systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 36. Planned mean comparisons (C) for peduncle dry weight (g m-2) at 
maturity as affected by stubble management practices over two 
years. Vertical bars are LSD(0.05) values of means within each 
comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum 56.91 a 66.07 a           61.49 a 
Conventional  54.31 a 63.10 a  58.70 ab 
Deep 52.35 a 61.70 a           57.03 b 
LSD         NS        NS          3.63 
Stubble (SM)   
Management  kg N ha-1    
Removed 0       46.24 c       54.52 e           50.38 e 
Burnt  0 50.89 bc   57.99 de           54.44 d 
Incorporated 0 52.68 bc   61.82 cd 57.25 cd 
Removed 120       55.53 b   64.63 bc 60.08 bc 
Burnt  120 57.92 ab   69.26 ab 63.59 ab 
Incorporated 120       63.88 a       73.50 a           68.69 a 
LSD          7.86         6.55         5.02 
Mean (Years)        54.52 b       63.62 a  
Interactions        P value P value P value 
TS x SM  1.000 1.000             1.000 
Y x TS  - -             0.985 
Y x SM  - -             0.978 
Y x TS x SM  - -             1.000 
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with N while least PDM (46.24 g m-2) was resulted in sole bare plots during year 
2010 followed by sole burnt (50.89 g m-2) and sole incorporated (52.68 g m-2) plots. 
Planned mean comparison data (Fig. 36) shown statistically high PDM 
(64.12 g m-2) in SM plots mix with N against SM plots without N (54.02 g m-2). 
Similarly, integrated effect of (burnt + incorporated) had resulted statistically high 
PDM (60.99 g m-2) against removed (55.23 g m-2) plots while non-significantly 
high PDM (62.97 g m-2) was resulted in incorporated plots against burnt (59.01 g 
m-2) plots.  All planned mean comparison interactions were non-significant for 
PDM. 
4.4.11 Spike dry weight at anthesis 
Over combined analysis spike dry weight at anthesis (SpDA) had 
significantly affected by years, tillage systems, N and SM while all other 
interactions had resulted non-significant results for SpDA. All planned mean 
comparisons except their interactions had resulted significant results for SDA. 
Table 41 revealed statistically high SpDA (154.74 g m-2) during year 2011 
as compared to that of year 2010 (131.06 g m-2). However, on both years mean 
basis significantly maximum SpDA (149.60 g m-2) was resulted in reduce tilled 
plots followed by conventional (142 g m-2) and deep (136.77 g m-2) tilled plots 
while statistically maximum SpDA (159.20 g m-2) was recorded in SI plots mix 
with N followed by burnt (151.14 g m-2) and bare (143.77 g m-2) plots mix with N 
while minimum SpDA (128.73 g m-2) was recorded in sole bare plots followed by 
sole burnt (134.85 g m-2) and sole incorporated (139.72 g m-2) plots. 
Table 41 further revealed that non-significantly high SpDA (162.18 g m-2) 
was recorded in reduce tilled plots during year 2011 followed by conventional 
(152.86 g m-2) and deep (149.19 g m-2) tilled plots while significantly minimum 
SpDA (124.35 g m-2) was recorded in deep plowed plots during 2010 followed by 
conventional (131.80 g m-2) and reduce (137.03 g m-2) tilled plots. Similarly 
maximum SpDA (173.03 g m-2) was recorded in SI plots mix with N during year 
2011 followed by burnt (165.46 g m-2) and bare (155.17 g m-2) plots mix with N  
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Table 41. Spike dry weight (g m-2) at anthesis as affected by various tillage 
systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
 
Fig. 37. Planned mean comparisons (C) for spike dry weight (g m-2) at 
anthesis as affected by stubble management practices over two 
years. Vertical bars are LSD(0.05) values of means within each 
comparison. 
 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum      137.03 a      162.18 a          149.60 a 
Conventional       131.80 b   152.86 ab          142.33 b 
Deep      124.35 c      149.19 b          136.77 b 
LSD          3.72        11.99          5.59 
Stubble (SM)   
Management  kg N ha-1    
Removed 0      118.92 d      138.55 d         128.73 e 
Burnt  0      124.51 cd   145.18 cd 134.85 de 
Incorporated 0      128.36 bcd   151.08 cd 139.72 cd 
Removed 120      132.37 bc   155.17 bc 143.77 bc 
Burnt  120      136.81 ab   165.46 ab 151.14 ab 
Incorporated 120      145.38 a      173.03 a         159.20 a 
LSD        10.82        13.48          8.49 
Mean (Years)       131.06 b      154.74 a  
Interactions       P value P value P value 
TS x SM           0.992   1.000            0.999 
Y x TS  - -            0.684 
Y x SM  - -            0.869 
Y x TS x SM  - -            1.000 
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while least SpDA (118.92 g m-2) was resulted in sole bare plots during year 2010 
followed by sole burnt (124.51 g m-2) and sole incorporated (128.36 g m-2) plots. 
Planned mean comparison (Fig. 37) had shown statistically maximum 
SpDA (151.37 g m-2) in SM plots mix with N against SM plots without N (134.43 g 
m-2). Similarly, combined effect of (burnt + incorporated) had revealed statistically 
high SpDA (146.23 g m-2) over bare (136.25 g m-2) plots while significantly high 
SpDA (149.46 g m-2) was resulted in incorporated plots over burnt (142.99 g m-2) 
plots.  All planned mean comparison interactions had resulted non-significant 
effect on SpDA. 
4.4.12 Spike dry weight at maturity 
Over two years spike dry weight at maturity (SpDM) had significantly 
affected by Y, TS, N and SM while all other interactions had resulted non-
significant results for SpDM. All planned mean comparisons except burning vs. 
incorporation had resulted significant effects on SpDM while all planned mean 
interactions had resulted non-significant results for SpDM. 
Data revealed (Table 42) that statistically high SpDM (1020 g m-2)  during 
year 2011 as compared to that of year 2010 (924 g m-2). Studying different tillage 
system effect over the years, significantly maximum SpDM (1007 g m-2) was 
recorded in reduce tilled plots followed by conventional (970 g m-2) and deep 
(939 g m-2) tilled plots while evaluating SM effect, statistically maximum SpDM 
(1088 g m-2) was recorded in SI plots mix with N followed by burnt (1034 g m-2) 
and bare (996 g m-2) plots mix with N while significantly minimum SpDM (840 g 
m-2)  was recorded in sole bare plots followed by sole burnt (918.59 g m-2) and 
sole incorporated (955 g m-2) plots. 
 On single year basis (Table 42) non-significantly high SpDM (1059 g m-2) 
was recorded in reduce tilled plots during year 2011 followed by conventional 
(1013 g m-2) and deep (989 g m-2) tilled plots while minimum SDM (890 g m-2) 
was recorded in deep tilled plots during 2010 followed by conventional (927 g m-
2) and reduce (954 g m-2) tilled plots. Similarly significantly maximum SpDM 
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Table 42. Spike dry weight (g m-2) at maturity as affected by various tillage 
systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Fig. 38. Planned mean comparisons (C) for spike dry weight (g m-2) at 
maturity as affected by stubble management practices over two 
years. Vertical bars are LSD(0.05) values of means within each 
comparison. 
Treatments 
Years (Y)  
2009-10 2010-11 Combined 
Tillage systems (TS) 
Minimum 954.03 a 1059.12 a       1006.58 a 
Conventional  926.72 a 1012.54 a 969.63 ab 
Deep 889.90 a   988.63 a          939.26 b 
LSD NS   NS         51.65 
Stubble (SM)   
Management  kg N ha-1    
Removed 0      797.61 c 881.51 d          839.56 e 
Burnt  0 883.36 bc   953.82 cd          918.59 d 
Incorporated 0      913.24 b 997.58 c 955.41 cd 
Removed 120 955.90 ab 1035.51 bc 995.71 bc 
Burnt  120 969.33 ab 1098.90 ab 1034.11 ab 
Incorporated 120    1021.86 a     1153.27 a       1087.57 a 
LSD          95.55 98.64       67.44 
Mean (Years)        923.55 b     1020.10 a  
Interactions        P value P value         P value 
TS x SM  1.000   1.000            1.000 
Y x TS  - -            0.918 
Y x SM  - -            0.906 
Y x TS x SM  - -            1.000 
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(1153 g m-2) was recorded in SI plots mix with N during year 2011 followed by 
burnt (1099 g m-2) and stubble removed (1035 g m-2) plots mix with N while 
statistically least SpDM (798 g m-2) was resulted in sole bare plots during year 
2010 followed by sole bare (881 g m-2) plots of year 2011 and sole burnt (883 g 
m-2) plots of 2010. 
 Planned mean comparison data (Fig. 38) had revealed statistically 
maximum SpDM (1039 g m-2) in SM plots mix with N against SM plots without N 
(905 g m-2). Similarly, combined use of (burnt + incorporated) had statistically 
increased SpDM (999 g m-2) over bare (918 g m-2) plots while non-significantly 
high SpDM (1021 g m-2) was resulted in incorporated plots over burnt (976 g m-2) 
plots.  All planned mean comparison interactions had resulted non-significant 
results for SpDM. 
4.5. Yield and yield components  
  The impact of different SM practices with and without N through various 
soil manipulating systems were evaluated for yield and yield components of 
wheat crop. 
4.5.1 Spikes m-2 
 Over combined analysis spike m-2 had significantly affected by Y, TS, N, 
and SM while all other interactions except TS x N and TS x N x SM had resulted 
non-significant results. All planned mean comparisons except their interactions 
had significantly affected spike m-2. 
Data presented in Table 43 regarding spike m-2 depicted that spike m-2 
had significantly increased during year 2011 (291) as compared to that of year 
2010 (269). On average basis maximum spike m-2 (279) were counted in reduce 
tilled plots as compared to conventional (268) and deep (261) plowed plots. On 
single year basis different tillage systems had produced spikes m-2 in the range of 
252 (minimum in the deep plowed plots during 2010) to 290 (maximum in the 
minimum tilled plots during 2011). 
Application of fertilizer N had significantly increased spike m-2 (280) over 
the years as compared to unfertilized (258) plots (Table 43). During both year  
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Table 43. Wheat spikes m-2 as affected by various tillage systems and stubble 
management practices. 
 
 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
* = Significant at p<0.05, ** = Significant at p<0.01, NS = non-significant 
 
 
 
 
 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  268 a 290 a 279 a 
Conventional Tillage 261 a 274 b 268 b 
Deep Tillage 252 a 269 b 261 b 
LSD(0.05)                   NS                  11                  10 
Fertilizer-N ( kg N ha-1)    
0 249 b 268 b 258 b 
120 271 a 288 a 280 a 
Significance                   **                  **                   ** 
Stubble Management (SM)  
Removed  253 b 270 c 262 c 
Burnt   258 b 278 b 268 b 
Incorporated  269 a 286 a 277 a 
LSD(0.05)                       9                    8                   6 
Mean (Years)  253 b 270 a                 262 
Interactions       P value P value P value 
N x SM  0.416 0.738 0.408 
TS x N  0.210 0.008 0.004 
TS x SM  0.307 0.439 0.104 
TS x N x SM  0.371 0.170 0.042 
Y*TS  - - 0.621 
Y*N  - - 0.907 
Y*SM  - - 0.826 
Y*N*SM  - - 0.888 
Y*TS*N  - - 0.449 
Y*TS*SM  - - 0.905 
Y*TS*N*SM  - - 0.448 
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Fig. 39. Interactive effect of tillage systems and N on spike m-2 of wheat 
over the years. 
 
 
 
Fig. 40. Interactive effect of tillage systems and stubble management with 
and without N on spike m-2 of wheat over the years. 
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spikes m-2 ranged from 249 (minimum in unfertilized plots during 2010) to 288 
(maximum in fertilized plots during 2011). 
Similarly significantly higher spikes m-2 (277) was observed over two years 
(Table 43) in SI plots followed by burnt plots (268) and SR (262). During both 
individual years the same pattern for number of spike m-2 were observed and 
ranged from 253 (minimum in stubble removed plots during 2010) to 286 (higher 
in stubble incorporated plots during 2011) 
Regarding spikes m-2 response to TS x N interaction (Fig. 39), N 
fertilization had significantly improved spike m-2 at minimum tillage as compared 
to conventional and deep tillage system. The response of spikes m-2 to un-
fertilization of N at all tillage system was significantly lowers (Fig. 39).  Similarly 
spikes m-2 responded significantly to minimally plowed SI plots mix with N as 
compared to conventional and deep tilled plots (Fig.40). The response of spikes 
m-2 to unfertilized stubble managed plots at all tillage system was significantly 
lowered however, stubble incorporation produced better results at minimum and 
conventional tillage against deep tillage. 
4.5.2 Grains spike-1 
 Over the years grains spike-1 had significantly affected by years, TS, N 
and stubble management while all other interactions effect were non-significant.  
All planned mean comparisons except their interactions had significantly affected 
grains spike-1. 
Data presented in Table 44 depicted that grains spike-1 had statistically 
increased during year 2011 (45) as compared to that of year 2010 (42). On both 
year average basis significantly maximum grains spike-1 (45) were observed in 
reduce tilled plots as compared to conventional (43) and deep (42) tilled plots. 
Similar pattern for tillage system on grain spike-1 was also observed during year 
2011 while during 2010 the tillage systems effect were not significantly different 
however during both year grain spike-1 ranged from 41 (lower in deep plowed 
plots during 2010) to 47 (significantly higher in minimum tilled plots during 2011).  
   
109 
 
Table 44. Grains spike-1 of wheat as affected by various tillage systems and 
stubble management practices. 
 
 
 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
** = Significant at p<0.01 
 
 
 
 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage    43 a 47 a 45 a 
Conventional Tillage     42 ab 44 b 43 b 
Deep Tillage            41 b 43 b 42 b 
LSD(0.05)   2.21 1.62 1.22 
Fertilizer-N ( kg N ha-1)    
0 40 b 43 b 41 b 
120 44 a 47 a 45 a 
Significance ** ** ** 
Stubble Management (SM)  
Removed  40 b 43 c 42 c 
Burnt   42 b 45 b 43 b 
Incorporated  43 a 46 a 45 a 
LSD(0.05)  1.37 1.14 0.88 
Mean (Years)  42 b 45 a   
Interactions     P value    P value P value 
N x SM  0.386 0.613 0.352 
TS x N  0.572 0.482 0.301 
TS x SM  0.696 0.520 0.332 
TS x N x SM  0.537 0.238 0.121 
Y*TS  - - 0.729 
Y*N  - - 0.789 
Y*SM  - - 0.809 
Y*N*SM  - - 0.779 
Y*TS*N  - - 0.941 
Y*TS*SM  - - 0.957 
Y*TS*N*SM  - - 0.612 
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Over the years as well as on single year basis N fertilization had 
significantly increased grain spike-1 over control (Table 44). Similarly, significantly 
higher grains spike-1 (45) were counted in SI plots followed by burnt plots (48) 
and SR plots (46) over the years. During both years incorporation of corn stubble 
had significantly surpassed grain spike-1 over burnt and stubble removed plots 
and were found in the range from 40 ( lower in stubble removed plots during 
2010) to 46 (maximum in stubble incorporated plots during 2011). 
4.5.3 Thousand grains weight  
 Over the years thousand grains weight (1000 GW) had significantly 
affected by years, TS, N and stubble management practices while all other 
interactions except Y x N had Y x TS x N x SM had resulted non-significant 
results for 1000 GW. All planned mean comparisons except their interactions had 
significantly affected 1000 GW. 
Statistically maximum 1000 GW (55.77 g) was measured (Table 45) 
during year 2011 as compared to that of year 2010 (48.42). Further, on both year 
average basis significantly maximum 1000 GW (53.52 g) was observed in reduce 
tilled plots as compared to conventional (52.03 g) and deep (50.73 g) tilled plots. 
During 2010 (Table 45) reduce tillage had significantly out classed conventional 
and deep tillage system in terms of 1000 GW improvement however, 1000 GW 
were not significantly different at all tillage system during 2011. 
1000 GW had statistically enhanced by the application of 120 kg fertilizer 
N ha-1 over the years and on single year as well (Table 45). During year 2011 
application of 120 kg N ha-1 had statistically improved 1000GW (58.95) as 
compare to that (50.51) of year 2010.    
Similarly significantly higher 1000 GW (53.44 g) was measured over the 
years in SI plots followed by burnt (52.11 g) plots and SR (50.73 g) plots (Table 
45). During both years similar pattern of 1000 GW were observed for the SM and 
were found in the range of 46.77 g (in stubble removed plots during 2010) to 
56.98 g (in SI plots during 2011).    
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Table 45. 1000 grain weight (g) of wheat as affected by various tillage 
systems and stubble management practices. 
 
 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
* = Significant at p<0.05, ** = Significant at p<0.01, NS = non-significant 
 
 
 
 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  50.59 a 56.45 a 53.52 a 
Conventional Tillage   48.39 ab 55.67 a 52.03 b 
Deep Tillage 46.28 b 55.18 a 50.73 b 
LSD(0.05)          2.77         NS             1.38 
Fertilizer-N ( kg N ha-1)    
0 46.33 b 52.58 b 49.45 b 
120 50.51 a 58.95 a 54.73 a 
Significance **                 **                  ** 
Stubble Management (SM)  
Removed  46.77 c 54.69 b 50.73 c 
Burnt   48.59 b 55.62 b 52.11 b 
Incorporated  49.90 a 56.98 a 53.44 a 
LSD(0.05)           1.05            1.13              0.76 
Mean (Years)  48.42 b 55.77 a   
Interactions   P value  P value P value 
N x SM  0.197 0.945 0.331 
TS x N  0.073 0.939 0.184 
TS x SM  0.535 0.828 0.660 
TS x N x SM  0.836 0.964 0.905 
Y*TS  - - 0.095 
Y*N  - - 0.001 
Y*SM  - - 0.435 
Y*N*SM  - - 0.587 
Y*TS*N  - - 0.400 
Y*TS*SM  - - 0.713 
Y*TS*N*SM  - - 0.001 
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4.5.4 Biological yield 
Biological yield (BY) had significantly affected by Y, N, TS and stubble 
management while all interactions except N x SM and TS x SM had resulted non-
significant results for BY. All planned mean comparisons and interactions except 
(No-N vs N) x (B vs I) had resulted significant results for BY. 
During year 2011 (Table 46) statistically maximum BY (11562 kg ha-1) was 
recorded as compared to that of year 2010 (11327 kg ha-1). Further, over the 
years significantly maximum BY (11415 kg ha-1) was recorded in reduce tilled 
plots as compared to conventional (10737 kg ha-1) and deep (10219 kg ha-1) 
tilled plots. On individual year basis BY significantly increased during 2011 in 
minimum tilled plots as compared to conventional and deep tillage system 
however the difference among tillage systems during 2010 was not significant 
(Table 46). 
Application of N (120 kg ha-1) had significantly increased BY against 
control plots over the years and as well as on single year basis (Table 46). 
Wheat biomass was found in the range from 9229 kg ha-1 (in control plots during 
2010) to 12370 kg ha-1 (in fertilizer added plots during 2011).  
Regarding SM practices, significantly higher BY (11421 kg ha-1) was 
recorded in SI plots followed by burnt (10737 kg ha-1) and SR (10214 kg ha-1) 
plots. Incorporation of stubble had significantly affected biological yield as 
compared to stubble burnt and stubble removed plots during both years (Table 
46) and were observed in the range from 9489 kg ha-1 (in stubble removed plots 
during 2010) to 12188 kg ha-1 (in incorporated plots during 2011). 
Biological yield significantly responded to N x SM interaction in the added 
fertilizer (120 kg N ha-1) mixed incorporated plots (Fig. 41) during 2009-10 as 
compared to burnt and removed plots. Biomass was improved in unfertilized 
incorporated plots but not significantly as compared to the rest of SM plots 
(Fig.41). Similar trend has also been shown by Fig. 42 over the years for N x SM 
interactions. Fig. 42 further showed that the response of biological yield to SM  
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Table 46. Biological yield (kg ha-1) of wheat as affected by various tillage 
systems and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
* = Significant at p<0.05, ** = Significant at p<0.01, NS = non-significant 
 
Fig. 41. Interactive effect of nitrogen and stubble management practices 
(SM) on biological yield (kg ha-1) of wheat in 2009-10. 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  10420 a 12411 a 11415 a 
Conventional Tillage 10020 a 11455 b 10737 b 
Deep Tillage                9618 a 10820 b 10219 b 
LSD(0.05)                NS             938                 551 
Fertilizer-N ( kg N ha-1)    
0 9229 b 10754 b 9991 b 
120 10810 a 12370 a 11590 a 
Significance                    **                 **                   ** 
Stubble Management (SM)  
Removed  9489 c 10939 c 10214 c 
Burnt   9916 b 11559 b 10737 b 
Incorporated  10654 a 12188 a 11421 a 
LSD(0.05)                 367              537               321 
Mean (Years)  10019 b 11562 a   
Interactions  P value P value P value 
N x SM  0.027 0.565 0.044 
TS x SM  0.034 0.770 0.104 
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Fig. 42. Interactive effect of nitrogen and stubble management practices on 
biological yield (kg ha-1) of wheat over the years. 
 
 
 
Fig. 43. Interactive effect of tillage systems and stubble management 
practices on biological yield (kg ha-1) of wheat in 2009-10. 
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practices without addition of fertilizer N was linear. Regarding TS x SM 
interaction (Fig. 43) almost all tillage systems showed linear response to stubble 
management practices however, minimum tillage system had statistically 
increased above ground biomass when stubble were incorporated followed by 
burnt and removed plots. The performance of conventional tillage was better than 
deep tillage system in terms of wheat biomass improvement (Fig. 43). 
4.5.5 Grain yield 
 Grain yield (GY) was significantly affected by Y, TS, N and stubble 
management. Interactions were non-significant for GY except N x SM and TS x 
N. All planned mean comparisons and its interactions except (No-N vs N) x 
(Burnt vs Incorporated) had resulted non-significant results for GY. 
Data presented in Table 47 depicted that GY was significantly higher 
during year 2011(3169 kg ha-1) as compared to that of year 2010 (2542 kg ha-1). 
Further, on both years average basis significantly higher GY (3134 kg ha-1) was 
recorded in reduce tilled plots followed by conventional (2805 kg ha-1) and deep 
(2628 kg ha-1) tilled plots. Minimum tillage had also resulted statistically higher 
GY as compared to conventional and deep tillage system during 2011 however; 
grain yield was not significantly different to different tillage system during 2010.  
Nitrogen fertilization (120 kg N ha-1) over the years had statistically 
surpassed grain yield (3156 kg ha-1) as compared to that of unfertilized plots 
(2555 kg ha-1). Similar pattern had been observed for grain yield response to N 
addition during both individual years. Similarly SI plots had resulted significantly 
higher GY (3091 kg ha-1) followed by burnt (2830 kg ha-1) and bare (2646 kg ha-
1) plots over two years. Stubble incorporation in both individual years had also 
resulted significant results for grain yield over stubble burning and removing.   
The trend of GY in response to N x SM interaction (Fig. 44) showed 
higher grain yield when stubble were incorporated along with application of 
fertilizer N (120 kg ha-1) followed by burnt and stubble removed plots. Control 
plots had also shown a linear trend of grain yield in order of stubble removed 
< burnt < incorporated plots (Fig. 44).  
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Table 47. Grain yield (kg ha-1) of wheat as affected by various tillage systems 
and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
* = Significant at p<0.05, ** = Significant at p<0.01, NS = non-significant 
 
Fig. 44. Interactive effect of N and stubble management practices (SM) on 
grain yield (kg ha-1) of wheat over two years. 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  2732 a 3536 a 3134 a 
Conventional Tillage 2529 a 3080 b 2805 b 
Deep Tillage 2366 a 2891 b 2628 b 
LSD(0.05)             NS             277               206 
Fertilizer-N ( kg N ha-1)    
0 2241 b 2869 b 2555 b 
120 2843 a 3470 a 3156 a 
Significance                   **                   **                   ** 
Stubble Management (SM)  
Removed  2348 b 2943 c 2646 c 
Burnt   2491 b 3169 b 2830 b 
Incorporated  2788 a 3395 a 3091 a 
LSD(0.05)                186              182               129 
Mean (Years)  2542 b 3169 a   
Interactions     P value P value P value 
N x SM  0.112 0.284 0.027 
TS x N  0.343 0.039 0.022 
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Fig. 45. Interactive effect of tillage systems and nitrogen on grain yield (kg 
ha-1) of wheat in 2010-11. 
 
 
 
 
 
 
Fig. 46. Interactive effect of tillage systems and nitrogen on grain yield (kg 
ha-1) of wheat over two years. 
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Regarding grain yield response to TS x N interaction, statistically 
maximum grain yield were noted at fertilized (120 kg N ha-1) minimum plowed 
plots followed by conventional and deep tilled plots (Fig 45). The same figure 
further showed that grain yield was increased during 2010-11 for both fertilized 
and control plots as the plowing depth decreased however, this increment in GY 
was significantly higher at N fertilization. Similar trend of grain yield for TS x N 
interaction had also been observed over the years (Fig. 46).  
4.5.6 Straw yield 
 Straw yield (SY) had significantly affected by years, N, tillage systems and 
SM while all interactions except N x SM and TS x SM had resulted non-
significant results for SY. All planned mean contrast except their interactions had 
resulted significant results for SY. 
Data presented in Table 48 SY depicted statistically maximum  SY (8393 
kg ha-1) during year 2011 as compared to that of year 2010 (7477 kg ha-1). 
Further, significantly maximum SY (8693 kg ha-1) was recorded over years in 
minimum tilled plots followed by conventional (7933 kg ha-1) and deep (7591 kg 
ha-1) tilled plots. The same pattern was observed during 2011 however; the 
difference in straw yield was not significant among different tillage system during 
2010 (Table 48).  
Addition of N fertilizer (120 kg ha-1) had statistically increased straw yield 
over the years and in individual years as well against control plots (Table 48). 
Straw yield was recorded in the range from 6987 kg ha-1 (observed in control 
plots during 2010) to 8900 kg ha-1 (in stubble incorporated plots). Similarly 
significantly higher SY (8330 kg ha-1) was recorded in SI plots followed by burnt 
(7907 kg ha-1) and bare (7568 kg ha-1) plots (Table 48) over the years. Straw 
yield was also statistically higher in stubble incorporated plots during both years 
over burnt and stubble removed plots.  
SY responded statistically higher to N x SM interaction (Fig.47) and 
significantly higher straw yield was observed when N at the rate of 120 kg ha-1  
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Table 48. Straw yield (kg ha-1) of wheat as affected by various tillage systems 
and stubble management practices. 
 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
* = Significant at p<0.05, ** = Significant at p<0.01, NS = non-significant 
 
 
 
 
 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  7688 a           8875 a             8281 a 
Conventional Tillage 7491 a         8375 ab 7933 ab 
Deep Tillage 7253 a           7929 b             7591 b 
LSD(0.05)              NS           701            378 
Fertilizer-N ( kg N ha-1)    
0 6987 b           7885 b            7436 b 
120 7967 a           8900 a             8434 a 
Significance **             **               ** 
Stubble Management (SM)  
Removed  7141 c          7995 c            7568 c 
Burnt   7425 b           8390 b             7907 b 
Incorporated  7866 a           8793 a             8330 a 
LSD(0.05)                 232          395          226 
Mean (Years)  7477 b           8393 a   
Interactions   P value P value P value 
N x SM  0.025         0.702            0.126 
TS x N  0.466         0.987            0.769 
TS x SM  0.009         0.958            0.197 
TS x N x SM  0.126         0.922            0.668 
Y*TS  -               -            0.365 
Y*N  -               -            0.850 
Y*SM  -               -            0.885 
Y*N*SM  -               -            0.311 
Y*TS*N  -               -            0.856 
Y*TS*SM  -               -            0.610 
Y*TS*N*SM  -               -            0.082 
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Fig. 47. Interactive effect of nitrogen and stubble management (SM) on 
straw yield (kg ha-1) in 2009-10. 
 
 
 
Fig. 48. Interactive effect of tillage systems and stubble management 
practices on straw yield (kg ha-1) in 2009-10. 
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was applied along with stubble incorporation during 2010. The N added burnt 
and removed plots also showed higher results for SY as compared to unfertilized 
plots. Similarly straw yield also significantly responded to TS x SM interaction 
during 2010 (Fig. 48) and specifically stubble incorporation resulted higher straw 
yield when managed by minimum tillage system as compared to conventional 
and deep tillage system. Incorporation of maize stubble and burning showed 
almost similar response to wheat straw yield when managed by deep tillage 
system.                     
4.5.7 Harvest index 
 Harvest index (HI) had significantly affected by Y, TS, N and stubble 
management however, all interactions had resulted non-significant results for HI. 
All planned mean contrasts except burning vs. incorporation had significantly 
affected HI; while all planned mean comparisons interactions had resulted non-
significant results for HI. 
Data presented in Table 49 depicted statistically higher HI (27.29 %)  
during year 2011 as compared to that of year 2010 (25.18 %). Further, 
significantly higher HI (27.12%) was recorded over years in reduce tilled plots 
followed by conventional (25.97 %) and deep (25.61 %) tilled plots. Similar trend 
for HI was also observed in tillage system during 2011 however; HI was non-
significantly different in response to tillage systems during 2010. During individual 
years HI was found in the range from 24.50 % (observed minimum in deep tilled 
plots during 2010) to 28.32 % (observed maximum in minimum tilled plots during 
2011). 
Harvest index response to N application was significant over the years 
and statistically higher HI was recorded in fertilizer N applied (120 kg ha-1) plots 
as compared to control plots (Table 49). Similar response of HI to N fertilization 
was observed during both individual years. Similarly significantly higher HI 
(26.80%) was recorded in SI plots followed by burnt (26.17%) and bare (25.74%) 
plots over the years. No significant differences were recorded for HI during both 
individual years among different stubble management practices and were found  
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Table 49. Harvest index (%) of wheat as affected by various tillage systems 
and stubble management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
* = Significant at p<0.05, ** = Significant at p<0.01, NS = non-significant 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 49. Interactive effect of tillage systems and nitrogen on harvest index of 
wheat in 2010-11. 
 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  25.93 a           28.32 a            27.12 a 
Conventional Tillage 25.11 a           26.84 b            25.97 b 
Deep Tillage 24.50 a           26.72 b            25.61 b 
LSD(0.05)         NS          1.04           0.94 
Fertilizer-N ( kg N ha-1)    
0 24.20 b          26.64 b            25.42 b 
120 26.16 a          27.95 a            27.05 a 
Significance **              **                ** 
Stubble Management (SM)  
Removed  24.64 b          26.84 b           25.74 b 
Burnt     24.99 ab 27.36 ab  26.17 ab 
Incorporated  25.91 a         27.68 a           26.80 a 
LSD(0.05)           1.13       0.83         0.69 
Mean (Years)  25.18 b          27.29 a  
Interactions  P value          P value P value 
N x SM  0.640            0.501           0.479 
TS x N  0.692            0.032           0.103 
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in the range of 24.64 % (minimum in stubble removed plots during 2010) to 27.68 
%  (maximum in stubble incorporated plots during 2011).  
HI responded significantly to N x SM interaction during 2010-11 and  
higher HI was observed (Fig. 49) in minimally plowed plots when fertilized with N 
(120 kg ha-1) as compared to fertilized (120 kg N ha-1) conventional and deep 
tilled plots. Almost similar HI was observed for unfertilized conventional and deep 
tilled plots however, HI increased in unfertilized minimally tilled plots.  
4.6. Additional agronomic data 
 Data on agronomic observations like emergence m-2, tillers m-2, plant 
height and lodging score were recorded and results are described in the following 
paragraphs. 
4.6.1 Emergence m-2 
 Over combined years, emergence m-2 had significantly affected by Y, 
tillage systems and N however, stubble management practices and all 
interactions had resulted statistically similar results for emergence m-2. All 
planned mean comparisons as well as their interactions had resulted non-
significant results for emergence m-2. 
Data presented in Table 50 depicted statistically higher emergence m-2 
(90) during year 2011 as compared to that of year 2010 (87). Further, 
significantly higher emergence m-2 (91) was recorded over the years in reduce 
tilled plots followed by conventional (88) and deep (87) tilled plots however; 
variation for emergence m-2 among tillage systems was not significantly different 
during both years. Emergence m-2 was recorded in the range of 85 (in deep 
plowed plots during 2010) to 92 (in minimum tilled plots during 2011). 
N fertilization at recommended dose (120 kg ha-1) over the years had 
significantly enhanced emergence m-2 during 2011 as compared to unfertilized 
plots (Table 50). However, non-significant variations were noted for emergence 
m-2 between fertilized and control plots during 2010. Further, statistically similar 
results for emergence m-2  among different stubble management practices was 
recorded over the years as well as on single year basis and were ranged  
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Table 50. Emergence m-2 of wheat as affected by various tillage systems and 
stubble management practices. 
 
 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
* = Significant at p<0.05, ** = Significant at p<0.01, NS = non-significant 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  90 a 92 a                91 a 
Conventional Tillage 87 a 90 a 88 ab 
Deep Tillage 85 a 88 a                87 b 
LSD(0.05)                     NS                   NS                3.04 
Fertilizer-N ( kg N ha-1)    
0 87 a 88 b                87 b 
120 88 a 92 a                90 a 
Significance                     NS **                  **  
Stubble Management (SM)  
Removed  87 a 89 a               88 a 
Burnt   87 a 90 a               89 a 
Incorporated  88 a 91 a               90 a 
LSD(0.05)                      NS                   NS               NS 
Mean (Years)  87 b 90 a   
Interactions           P value P value P value 
N x SM  0.376 0.980 0.633 
TS x N  0.640 0.474 0.382 
TS x SM  0.886 0.999 0.964 
TS x N x SM  0.766 1.000 0.935 
Y*TS  - - 0.972 
Y*N  - - 0.085 
Y*SM  - - 0.850 
Y*N*SM  - - 0.685 
Y*TS*N  - - 0.796 
Y*TS*SM  - - 0.956 
Y*TS*N*SM  - - 0.187 
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from 87 (less emergence m-2 in stubble removed plots during 2010) to 91 (higher 
emergence m-2 in SI during 2011). 
4.6.2 Wheat tillers m-2 
 Over two years analysis wheat tillers m-2 was significantly affected by Y, 
tillage systems, N and SM while all interactions except N x SM, TS x N and TS x 
SM was non-significant for tillers m-2. All planned mean comparisons and their 
interactions except (No-N vs N) x [Removed vs (Burnt + incorporated)] had 
significantly affected tillers m-2. 
Data presented in Table 51 revealed statistically higher tillers m-2 (296) 
during year 2011 as compared to that of year 2010 (277). Further, significantly 
maximum tillers m-2 (298) were recorded over two years in reduce tilled plots 
followed by conventional (283) and deep (278) tilled plots. Similar trend of tillers 
m-2 among various tillage systems were observed during 2011 however, tillers m-
2 were not significantly different during 2010.  
Application of N fertilizer (120 kg ha-1) over the years had statistically 
increased tillers m-2 (298) over unfertilized (275) plots (Table 51). Similarly tillers 
m-2 were statistically enhanced during both individual years in the N added plots 
as compared to control plots. Similarly significantly maximum tillers m-2 (297) 
were recorded in SI plots followed by burnt (286) and bare (277) plots. Tillers m-2 
were also significantly different for SM during both years and was found in 
range of 269 (minimum in removed plots during 2010) to 307 (maximum in SI 
plots during 2011). 
Statistically higher tillers m-2 were observed over two years in fertilized 
(120 kg N ha-1) stubble incorporated plots (N x SM) as compared to burnt and 
stubble removed plots (Fig. 50). The two N rates showed that tillers m-2 were 
linearly increased in the rank stubble incorporated > stubble burnt > stubble 
removed however, it was significantly higher when stubble were managed along 
with fertilizer N (120 kg ha-1).    
The response of wheat tillers m-2 to TS x N interaction was also significant 
and higher tillers m-2 were showed (Fig. 51) in fertilized (120 kg N ha-1) minimally  
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Table 51. Wheat tillers m-2 as affected by various tillage systems and stubble 
management practices. 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
* = Significant at p<0.05, ** = Significant at p<0.01, NS = non-significant 
 
Fig. 50. Interactive effect of N and stubble management practices (SM) on 
tillers m-2 of wheat over the years. 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  286 a 311 a 298 a 
Conventional Tillage 276 a 291 b 283 b 
Deep Tillage 270 a 286 b 278 b 
LSD(0.05)                  NS 11.44 8.83 
Fertilizer-N ( kg N ha-1)    
0 266 b 284 b 275 b 
120 288 a 308 a 298 a 
Significance ** **                       ** 
Stubble Management (SM)  
Removed  269 b 285 c 277 c 
Burnt   276 b 296 b 286 b 
Incorporated  286 a 307 a 297 a 
LSD(0.05)                7.78               8.41               5.65 
Mean (Years)  277 b 296 a   
Interactions   P value P value P value 
N x SM  0.128 0.191 0.023 
TS x N  0.229 0.029 0.008 
TS x SM  0.152 0.083 0.006 
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Fig. 51. Interactive effect of tillage systems and N on tillers m-2 of wheat 
over the years. 
 
 
 
 
Fig. 52. Interactive effect of tillage systems and stubble management 
practices on tillers m-2 of wheat over the years. 
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tilled plots as compared to conventional and deep tilled plots. Wheat tillers m-2 
were improved as the tillage depth decreased but this increase were more in N 
fertilized plots as compared to unfertilized plots. 
Wheat tillers m-2 had also responded significantly to TS x SM interaction 
and higher wheat tillers m-2 were observed in minimally plowed stubble 
incorporated plots as compared to conventional and deep tilled plots (Fig.52). 
Stubble removed deep plowed plots had resulted minimum tillers m-2 as 
compared to burnt and incorporated plots. 
4.6.3 Plant height 
 Over the years wheat plant height (PH) was significantly affected by N and 
stubble management only while years and tillage systems as well as all 
interactions had resulted non-significant results for PH. All planned mean 
comparisons except burning vs. incorporation had resulted significant effect on 
PH; while all planned mean interactions had resulted non-significant results for 
PH. 
While evaluating the years effect on PH, Table 52 revealed non-
significantly maximum PH (104.0 cm) during year 2011 as compared to that of 
year 2010 (103.5 cm). Similarly, non-significantly maximum PH (104.0 cm) on 
both year average basis in reduce tilled plots followed by conventional (103.7 
cm) and deep (103.4 cm) tilled plots. Similar trend for plant height was also noted 
during both individual years among different tillage system and PH was found 
from minimum (103.02 cm observed in deep plowed plots during 2010) to 
maximum (104.2 cm observed in minimum plowed plots during 2011). 
N application (120 kg ha-1) had statistically increased plant height (104.5 
cm) as compared to plots having no applied N (Table 52). Similar response of PH 
to 120 kg N ha-1 were observed during both individual year and  minimum plant 
height (101.9 cm) was measured in control plots during 2010 while maximum 
(105.7 cm) was observed in N (120 kg ha-1) added plots during 2011.  
No significant variations in PH were observed among stubble 
management practices over the years however, maximum PH (104.7 cm) was  
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Table 52. Plant height (cm) of wheat at maturity as affected by various tillage 
systems and stubble management practices. 
 
 
 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
* = Significant at p<0.05, ** = Significant at p<0.01, NS = non-significant 
 
 
 
 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  103.8 a 104.2 a             104.0 a 
Conventional Tillage 103.4 a 104.0 a             103.7 a 
Deep Tillage 103.2 a 103.7 a             103.4 a 
LSD(0.05)          NS         NS          NS 
Fertilizer-N ( kg N ha-1)    
0 101.9 b 102.2 b            102.0 b 
120 105.1 a 105.7 a            105.4 a 
Significance ** **                 ** 
Stubble Management (SM)  
Removed  102.3 b 102.9 b           102.6 b 
Burnt     103.7 ab   104.1 ab 103.9 ab 
Incorporated  104.4 a 104.9 a           104.7 a 
LSD(0.05)   1.8   1.9              1.29 
Mean (Years)  103.5 a 104.0 a   
Interactions  P value P value P value 
N x SM  0.867 0.975           0.990 
TS x N  0.987 0.991           0.999 
TS x SM  1.000 1.000          1.000 
TS x N x SM  0.998 1.000           0.999 
Y*TS  - -           0.991 
Y*N  - -           0.739 
Y*SM  - -           0.992 
Y*N*SM  - -          0.957 
Y*TS*N  - -          0.979 
Y*TS*SM  - -          1.000 
Y*TS*N*SM  - -          0.987 
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 recorded in SI plots followed by burnt (103.9 cm) and stubble removed (102.6 
cm) plots (Table 52). Similar pattern of PH was also recorded during both single 
years and ranged from 102.3 cm (minimum in removed plots during 2010) to 
104.9 cm (maximum in SI plots during 2011). 
4.6.4 Lodging score  
Lodging score was not affected by Y, different TS, N application and SM 
practices over the years and as well as on single year basis. Besides main and 
sub factor all other interactions effect on lodging score was also non- significant 
thus had statistically similar lodging was observed in all plots. It ranged from 0.65 
to 0.74 for tillage systems, 0.67 to 0.73 for N and 0.65 to 0.73 for different stubble 
management practices during both years (Table 53). 
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Table 53. Lodging score as affected by various tillage systems and stubble 
management practices. 
 
 
Mean followed by different letter(s) in each group are statistically different at 
P≤0.05 using LSD(0.05) test. 
NS = non-significant 
 
Treatments 
Years (Y)  
2009-10  2010-11 Combined 
Tillage systems (TS) 
Minimum Tillage  0.72 a 0.68 a 0.70 a 
Conventional Tillage 0.66 a 0.74 a 0.70 a 
Deep Tillage 0.65 a 0.71 a 0.68 a 
LSD(0.05)                NS              NS               NS 
Fertilizer-N ( kg N ha-1)    
0 0.67 a 0.69 a 0.68 a 
120 0.69 a 0.73 a 0.71 a 
Significance                NS             NS              NS 
Stubble Management (SM)  
Removed  0.70 a 0.73 a 0.71 a 
Burnt   0.69 a 0.70 a 0.69 a 
Incorporated  0.65 a 0.70 a 0.68 a 
LSD(0.05)                NS              NS               NS 
Mean (Years)  0.68 a 0.71 a   
Interactions    P value P value P value 
N x SM  0.265 0.867 0.489 
TS x N  0.115 0.052 0.055 
TS x SM  0.395 0.598 0.304 
TS x N x SM  0.507 0.500 0.480 
Y*TS  - - 0.266 
Y*N  - - 0.744 
Y*SM  - - 0.750 
Y*N*SM  - - 0.572 
Y*TS*N  - - 0.376 
Y*TS*SM  - - 0.757 
Y*TS*N*SM  - - 0.072 
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4.7 Economic analysis 
The farming community always believes on direct and maximum return 
from their resources and adopts new technology when they perceive high income 
as well as value cost ratio (VCR). Economic analysis (Table 54) regarding tillage 
systems and maize stubble management with or without fertilizer-N revealed that 
fertilization had resulted higher net income (Rs. 157946) and VCR (7.51) 
compared to net income (Rs. 128622) and VCR (6.27) achieved from unfertilized 
plots. Similarly, minimum tillage also resulted higher net profit (Rs. 156039) 
compare to conventional (Rs. 141101) and deep (Rs. 131981) tillage.  Stubble 
incorporation also depicted higher VCR (7.36) and net income (Rs. 154748) 
against stubble burnt (Rs. 141869) and removed (Rs. 132504) ones. 
We can analyze from economic analysis that minimally ploughed fertilized 
stubble incorporation had increased the net income by Rs. 66506 ha-1 over 
deeply tilled unfertilized stubble removed or burnt practices. Beside economic 
benefits of reduce tillage and crop residue incorporation, it also sustain fertility 
and other soil quality traits in the long run. 
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Table 54. Economic analysis of wheat crop as affected by different tillage systems and stubble management practices 
with and without nitrogen. 
 
 
VCR = Value cost return 
Seed rate cost per kg= 36 
Grain value per kg    = 
 
38 
Straw value per kg    = 
 
7 
Fuel or tractor charges/hr =     600 
Labor wages per day     = 250 
 
 
Production (kg 
ha
-1
) 
Return/output 
Rs. ha
-1 
Input and other cast Rs. ha
-1
 
Income Rs. ha
-1
 
VCR 
Sources 
Grain 
yield  
Straw 
yield  Grain Straw  
Seed 
Cost Fertilizers 
Labor 
charges 
Fuel or 
tractor 
cast 
Total 
expenditure 
Gross 
income 
Net 
income 
Control 2555 7436 97090 52052 4320 10500 4500 1200 20520 149142 128622 6.27 
N 120 kg 
ha 
-1 3156 8434 119928 59038 4320 11000 4500 1200 21020 178966 157946 7.51 
Minimum 
tillage 
3134 8281 119092 57967 4320 11000 4500 1200 21020 177059 156039 7.42 
Convention
al tillage 
2805 7933 106590 55531 4320 11000 4500 1200 21020 162121 141101 6.71 
Deep tillage 2628 7591 99864 53137 4320 11000 4500 1200 21020 153001 131981 6.28 
Stubble 
removal 
2646 7568 100548 52976 4320 11000 4500 1200 21020 153524 132504 6.30 
Stubble 
burnt 
2830 7907 107540 55349 4320 11000 4500 1200 21020 162889 141869 6.75 
Stubble 
incorporate
d 
3091 8330 117458 58310 4320 11000 4500 1200 21020 175768 154748 7.36 
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V. DISCUSSION 
The results described in the previous chapter are hereby discussed in the 
light of relevant literature collected as reference. 
5.1. Soil physico-chemical characteristics 
Our results indicated that reduce tillage system has increased soil 
moisture content as compared to deep tillage system and this may be due to the 
lesser destructive action of reduce tillage tools resulting into maximum regularity 
and continuity of pores (Slawinski et al., 2012). Minimum tillage resulted into 
lower disruption of the soil upper layer that improves aggregate stability and soil 
moisture content (Lipiec and Nosalewicz, 2004; Dexter and Czyz, 2011). Tillage 
system altered soil properties and water dynamics in soil (Clapp et al., 2000; 
Pikul et al., 2001; Fabrizzi et al., 2005) 
Stubble incorporation alone or mix with fertilizer N had conserved more 
moisture as compared to burnt or stubble removed treatment possibly due to 
addition of organic matter (corn stubble) in soil, which increased water 
withholding as well as infiltration time (Gangwar et al., 2006). Stubble removal 
also resulted a negative impact on soil physico-chemical characteristics 
measured, illustrating the importance of crop residue to sustain soil resource 
base (Amber et al., 2011). 
 Lower soil bulk density was found at the end of experiment in the reduced 
tilled plots as compared to conventional and deep tilled plots that possibly due to 
better aggregate stability (Mrabet et al., 2001) or improved structure as a result of 
more macro pores (Chan et al., 2003) which might have increased resistance to 
wind and water erosion (Weisskopf and Anken, 2006). Our results are in line with 
that of Tebrugge and During, (1999) and further confirmed by Gangwar et al. 
(2006), who testified lower bulk density in reduce tillage as compared to other 
tillage systems. Conventional and deep tillage systems caused disturbance in 
soil structure that might have resulted in lower micro pores, porosity and 
microbial activity and thus might have increased soil bulk density as compared to 
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reduce tillage system. However; Yang and Kay, 2001 recorded no differences in 
soil bulk density after 20 years under conventional tillage and chisel plow and 
after 16 years (Franzluebbers and Arshad, 1996b) although pore size distribution 
was improved.  
Soil mineral N increased with lapse of time in minimum tillage as 
compared to conventional and deep tillage system. This enrichment in soil 
mineral N is might be due to accumulation of organic matter, resulted into more 
microbial activity (Nakamoto et al., 2006) and decomposition (Gangwar et al., 
2006). Greater mineral N was analyzed in fertilized-N stubble incorporated plots 
as compared to stubble removed, burnt and sole stubble incorporated plots. This 
may be due to greater mineralization of organic matter or residual effect of 
applied N and less leaching of N due to residue incorporation and grater gross N 
mineralization (Coppens et al., 2007). Stubble incorporation within soil along with 
fertilizer N application had maximize the soil-residue contact resulted in greater N 
mineralization due to availability of N and C substrate for microbial activity  
(Douglas et al., 1980).  Less N mineralization was observed in sole bare, burnt 
and sole incorporated plots might be due to limited availability of inorganic N to 
the microbes that led to slower decomposition of crop residues (Angers and 
Recous, 1997; Magid et al., 2006). Minimally plowed stubble incorporation with 
addition of inorganic N fertilization (TS x SM) had accumulated higher mineral N 
resulted from the interaction of soil moisture content, depending on residue 
placement, and N availability (Coppens et al., 2007) or probably due to favorable 
moisture conditions that resulted in faster decomposition (Schomberg et al., 
1994; Curtin et al., 1998). 
Soil total nitrogen (STN) increased with the passage of time and after the 
experiment might be due to carry over effect of the previously applied input 
(Bowden and Burgess, 1993) and residual N from the previously applied residue 
(Anatoliy and Thelen, 2007) resulted in mineralization of more fraction of residual 
organic nitrogen over the growing season with tillage system as compared to no 
tilled soil where this fraction remain in the soil for 4 years (Bowden and Burgess, 
1993). Higher STN was measured in minimum tillage (MT) system as compared 
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to conventional tillage (CT) and deep tillage (DT) system probably due to 
accumulation of more organic matter (Nakamoto et al., 2006), less leaching 
(Sanju et al., 2006) or erosions (Lopez-Bellido et al., 2001). Soil total N also 
increased with stubble/residue incorporation that might altered environmental 
conditions for soil microbes which played an important role in organic matter 
(OM) decomposition and nutrient cycling (Doran, 1980; Clapperton et al., 1997) 
or due to greater decomposition (Al-Kaisi and Yan, 2005), thus incorporation of 
stubble along with application of N improved STN as compared to other stubble 
managed plots. 
  The enrichment in STN over the years in stubble incorporated plots (Y x 
SM) is possibly due to the decomposition of organic source of nitrogen over time 
(Gangwar et al., 2006) maximum aeration (Zorita, 2000) or moisture absorption 
(Aase and Schaefer, 1996) and mineralization of organic N (Warkentin, 2000). 
Minimum tilling and stubble incorporation with addition of fertilizer N (TS x N x 
SM) also increased STN and this might be due to mixing of the litter with soil 
allowed direct contact between bacteria and the substrate (Beare et al., 1992) 
resulted into greater decomposition of organic matter (Schomberg et al., 1994; 
Curtin et al., 1998). 
Greater soil organic carbon (SOC) was analysed under MT system than 
other tillage system advocating less soil surface disturbance under MT (McLeod 
et al; 2013) which is in opposite of the results obtained by Baker and Griffis, 
(2005) who reported that both conventional tillage and strip tillage systems 
resulted in small net gains of carbon over the two-year period however; no-tillage 
and stubble retention had improved soil structural stability and internal drainage 
(Blackwell, 2000). Higher SOC was also measured in the incorporated plots mix 
with fertilizer N as compared to stubble removed and stubble burnt plots 
confirming the results obtained by Grace et al. (1995) and Reicosky, (2003) who 
reported that burning of crop residue resulted in decrease of soil carbon levels 
and further corroborated by Franzluebbers, (2010) suggesting reduced tillage 
combined with rotation or deep rooted and high residue producing cover 
crops/plants is effective in enhancing soil OM. Accumulation of more SOC in the 
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stubble incorporated treatments fertilized with N is possibly due to positive 
association of OC with available N (Martınez et al., 2013) or increased residue; 
attributed to a higher C input to the soil (Havlin et al., 1990; McVay et al., 2006) 
or addition of N either had limited effect (or) more likely, resulted in an increase in 
SOC (Christopher and Lal, 2007). Another reason for high SOC in stubble 
incorporated treatment is more rapid decomposition of buried cobs (Burgess et 
al., 2002) which is closer in association with soil and hence more available to soil 
microbes (Doran, 1980). 
Tillage systems had not significantly affected the soil C/N ratio. This may 
be due to the relative increased in N and C concentration in various tillage 
systems (Dolan et al., 2006). The C/N ratio increased in the stubble incorporated 
treatment either sole or mix with fertilizer N as compared to stubble removed or 
stubble burnt plots possibly due to the incorporation of organic N that had 
improved the soil C/N ratio compared to application of mineral N. Corn stubbles 
being organic source and have more organic C than N, and thus might have 
increased its ratio. The buffer action of soil plant system, which prevents 
inorganic N accumulation when N fertilization exceeded the plant requirements, 
suggested another possible reason for improved C/N ratio (Malhi et al., 2006). 
Our results are in agreement with those of Habtegebrial et al. (2007), who 
testified more C/N ratio due to application of organic N as compared to mineral 
N.  
Using of different tillage systems had not affected soil pH, leading to 
higher vitalization in minimum tillage or more leaching in conventional or deep 
tillage systems. Our results are supported by the findings of Mrabet et al. (2001), 
who reported no differences in soil pH by using different tillage systems. 
Incorporation or retention of corn stubble or residue along with application of 
fertilizer N had decreased soil pH against stubble removed or burnt treatments 
due to greater mineralization of organic N into mineral N (nitrate N). Our results 
are in line with that of Chan and Heenan, (2005) who reported that low soil pH is 
associated with stubble retention in short and long term experiments.   
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Since extensive cultivation and removal of crop residue or burning after 
harvest might have put the soil and crop productivity at stake in the central plains 
of Khyber Pakhtunkhwa. Many research scientists’ e.g. Carter, 1991 had 
reported that conservation tillage has potential to bring soil quality to a high stage 
and reduce soil loss by providing protective crop residue on soil surface and 
improving water conservation by decreasing evaporation losses. Conservation 
tillage improves water conservation and sustains soil productivity (Jin et al., 
2009). Crop residue incorporation/placement by tillage practices had significant 
influence on residue decomposition and nitrogen release (Brown and Dickey, 
1970; Douglas et al., 1980; Doran, 1987; Holland and Coleman, 1987).   
5.2. Wheat plant nitrogen analysis 
Nitrogen content in leaf, stem and spike at anthesis and maturity except 
leaf N at maturity was not significantly different at tillage systems. The prospect 
of the reduce tillage for enhancing inorganic N availability through minimizing 
leaching, improving soil physico-chemical characteristics or soil moisture (Reiter 
et al., 2002; Andrade et al., 2003) had not been transformed into getable nitrogen 
content in minimum tillage in our study. This is probably due to the minimum 
uptake of N by wheat plant in minimum tillage. Our findings support the results of 
Lavado et al. (2001) and were confirmed by Xiao-Bin et al. (2006), who observed 
no differences in tissue nitrogen in various plant components due to tillage 
effects.  
 Tissue N content in leaves, stem and spike at pre and post anthesis stage 
was affected by N fertilization and stubble incorporation as compared to control 
plots stubble burnt and removed plots. Greater tissue nitrogen was observed in 
leaves, stem and spike at anthesis and maturity stage in fertilized (120 kg N ha-1) 
stubble incorporated plots against control or other stubble managed plots 
regardless of fertilizer N application. The conserved N was accumulated in the 
aerial plant parts till anthesis stage and thereafter the preserved N was 
remobilized to the spike/grain at grain filling stage of the crop. This remobilization 
or translocation of assimilate had signified the accumulation of nitrogen reserved 
by decreasing the availability of C as result of crop residue decomposition. 
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The contribution of available residual soil nitrogen with the passage of 
time due to mineralization of organic source of N might have increase the N 
content in aerial parts over control (Sowers et al., 1994). Another possible reason 
could be the vigorous growth of various parts of wheat plant in response to 
optimum amount of available nutrient in the stubble incorporated plots along with 
addition of fertilizer N. Our finding are in agreement with the results of Barbottin 
et al. (2005) who observed maximum accumulated N in plant parts in the N 
fertilized plots than control or unfertilized plots. The mineralization or 
decomposition of organic residues by microorganisms might be another possible 
reason for maximum N accumulation in plant parts in fertilized plots against 
unfertilized plots (Strong, 1995). Accretion of N in various aerial parts of wheat 
plant and further partitioning to different vegetative parts i.e. leaves, stem and 
roots, had inclined the spike nitrogen content (Demotes-Mainard, 1999) and 
therefore, had enhanced spike N at maturity stage in fertilized stubble 
incorporated plots.  
Minimum tilled plots had statistically higher N in straw and grain as 
compared to conventional and deep tilled plots. It probably due to efficient or 
maximum utilization of N in minimally ploughed plots or less efficient utilization of 
nitrogen in conventional and deep ploughed plots or could be due to more N 
leaching in deep tilled plots as compared to minimum tilled plots (Soon et al., 
2001) as crop reached to maturity stage. Straw and grain N was statistically 
influenced by N fertilization and SI as compared to unfertilized and stubble burnt 
or removed plots respectively, being greater in stubble incorporated plots and in 
plots that had received N at the rate of 120 kg ha-1. The residual soil N in the 
plough layer or root zoon in plots having organic source of nitrogen might have 
supported the nitrogen abstraction by straw or grain (Halvorson et al., 2001a). 
This greater concentration of N in the N amended plots might be due to 11% 
more mineralization of organic litters compared to control ones (Eghball, 2000). 
Our findings support the results of Barbottin et al. (2005) who testified greater N 
content in grain in N added plots.  
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Minimum tilled plots had significantly greater N indices e.g. wheat grain N 
uptake, wheat straw N uptake and total wheat plant N uptake against deeply 
tilled plots. The greater N accumulation or taken up by grain or straw in reduced 
tilled plots might be transformed in to the uptake of N by wheat plant (Horn et al., 
1996). In minimum tillage system, due to higher mineralization (Sainju et al., 
2002) or improved soil tilth (Chan et al., 2003) owing to activities of different 
microbes (Nakamoto et al., 2006) or less loss of N through leaching (Sainju et al., 
2006) and resultantly triggered higher N uptake by plant aerial components 
(Lopez-Bellido et al., 2003b; Shah and Ahmad, 2006). Our findings are in line 
with those of Halvorson et al. (2001b) who observed greater N indices in reduced 
tillage compared to conventional tillage. The other reason for higher N uptake in 
minimum tillage compared to deep tillage ought to higher nitrogen leaching 
(Rasmussen, 1999) had caused in smaller fertilizer N availability in the real root 
zoon or top plough layer (Strong, 1995) and thus deep tillage had resulted 
adverse effect on nitrogen indices. 
However, no significant differences for NUE of wheat, NUpE of wheat and 
NUtE of wheat were observed among different tillage systems. The higher 
quantity of N present in minimally ploughed or conventional or deep tilled soil 
were not transformed in to nitrogen use efficiency, N uptake efficiency and N 
utilization efficiency of wheat. These findings are in line with those of Power and 
Peterson (1998), Corbeels et al. (1998), Oorts et al. (2007a), Thomas et al. 
(2007) and Giacomini et al., (2010) who observed little or no differences for N 
stocks among various tillage systems. 
Addition of recommended dose of fertilizer N for wheat and stubble 
incorporation had resulted significant variations in N indices for example straw 
and grain N uptake, plant total N uptake and N uptake efficiency as compared to 
unfertilized, burnt or stubble removed plots. The greater N uptake in grains or 
straw in N fertilized incorporated plots might be linked to mineralization and 
immobilization turnover (Strong, 1995) resulted in higher N loses through 
immobilization in control or lower applied N rates. The other possible reason 
could be the higher mineralization of organic litter (Walters et al., 1992; Aulakh et 
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al., 2000) into inorganic N, which might have enhanced the N off take or uptake 
in grains and straw. The increase in N rate or high amount of fertilizer N had 
increased the N uptake (Fan et al., 2005) or higher uptake of N and P by crop 
from crop residue (Aulakh et al., 2012) could be better associated with greater N 
released from organic source or residue (Lopez-Bellido et al., 2003b; Shah and 
Ahmad, 2006). These findings are in agreement with the results of other 
scientists e.g. Halvorson et al. 2001b and Lopez-Bellido, (2001). Thus, the 
grower tendency to over fertilize their crops had been observed for greater N 
availability (Corbeels et al., 1998), improved productivity of crops, and soil 
fertility.  
 The higher N uptake by wheat plant is also associated with the timely 
decomposition and mineralization of maize stubbles, that might had minimized 
the N loss through leaching or de-nitrification, or lesser N immobilization in 
reduce form (Wells and Bitzer, 1984) in fertilized stubble incorporated plots. 
These findings are in line with the results of Russelle et al. (1983), who observed 
higher N effectiveness from delayed applications or mineralization. The favorable 
environmental conditions of soil have increased this efficiency for the plant 
growth through synchronization of timely stubble mineralization to fulfill crop 
demand. Greater soil N had resulted in higher N uptake by plants (Mercedes et 
al., 1993) and thereby increased the availability of inorganic N through combined 
application of fertilizer urea and organic N that had finally resulted in greater 
uptake of N (Dhilon et al., 1998).  
However, N use efficiency was observed higher in unfertilized plots as well 
as in stubble removed plots compared fertilized and stubble incorporated plots, 
whereas N Uptake efficiency and utilization efficiency were not affected by the 
application of fertilizer N. The greater demand of nitrogen and dry matter by grain 
at grain filling or maturity stage of crop was met by reserved nitrogen and dry 
matter in the control or unfertilized plots and thus had enhanced the re-
translocation of nitrogen into the grain or reproductive parts of the crop compared 
to fertilized plots. The required and efficient translocation of nitrogen from plant 
vegetative parts to the grain seems to be the physiological basis of greater grain 
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protein in wheat (Johnson et al., 2007) and is highly affected by nitrogen 
fertilization. This translocation of N was noted in barely either from the recent 
uptake or from reserved of the vegetative parts and was closely associated to the 
leaf activity (Woodruff, 1983). Conversion of plant N from vegetative parts to 
reproductive organs or grains through source sink competition (Aulakh et al., 
2000) might have stimulated the NUE in control plants. Our results are in line 
with those of Sowers et al. (1994) and Lopez-Bellido, (2001a&b) who reported 
higher N use efficiency in control plots.  
NHI and grain protein of wheat content had statistically affected by the 
tillage systems advocating improved capacity of the grain to accumulate nitrogen 
(N) or through greater N supply to the grains (Triboı et al., 2002) by redistributing 
nitrogen from the root system to the grains (Andersson et al., 2005) in minimum 
tilled plots. Similar results were also obtained by Lopez-Bellido et al. (1998), who 
observed higher wheat protein in minimum tillage system however it is 
contradictory to the results of Habtegebrial et al. (2007). Incorporation of stubbles 
with integration of fertilizer N had increased grain protein and NHI of wheat 
compared to other stubble management practices and unfertilized plots. N 
fertilization improved photosynthetic activity of plants and hence resulted in high 
protein (Lopez-Bellido et al., 1998) and thereby improved grain quality. Soil 
available N may enhance the protein content of wheat (Rathi and Sing 1973). 
Fertilizer urea application had improved the soil mineral N content and its uptake 
by plants and therefore the protein content of grain was increased (Brejda et al., 
1995). The finding of Barbottin et al. (2005) support our results by agreeing that 
application of N to the soil influence the grain N accumulation and resulted into 
higher grain protein (Pedersen and Jorgensen, 2007). Crude protein 
concentration could be varied with time, (Muir, 2006) thus late season 
accumulated N increased the protein to 12% without suffering yield losses from 
excessive nitrogen (Brown and Petrie, 2006). Higher mineralization in 
nitrogenous fertilized plots (Soon et al., 2001) would improve the soil nitrogen 
and thus grain protein. N application in combination with organic residue may 
   
   143 
 
resulted into consistent nitrogen mineralization by encouraging higher microbial 
biomass, presence of organic, mineralizable and recyclable N (Doran, 1987).  
5.3. Crop phenological observations  
 Almost all phenological observations except days to emergence had 
significantly responded to recommended dose of fertilizer N and stubble 
incorporation over the years. It is possibly due to the carry over or residual effect 
of reduce and available N for the optimum growth of wheat left from the previous 
year. 
Days to emergence were only affected by tillage systems and early 
emergence was observed in minimum tillage system as compare to conventional 
and deep tillage systems. This fast emergence in reduce tillage was due to the 
minimum soil manipulation, that economize the soil water loss through less 
evaporation (Licht and Al-Kaisi, 2005) and resultantly the soften seedbed helped 
in fast emergence by early softening of the seed coat. 
Boot, anthesis and physiological maturity growth stages were delayed in 
fertilized stubble incorporated plots due to increase in duration of leaf area, 
vegetative growth and light use efficiency with higher use of nitrogen (Frederick 
and Camberato 1995; Deldon, 2001). The added fertilizer-N delayed leaf 
senescence, sustained leaf photosynthesis during grain filling stage and thereby 
prolonged the grain fill duration (Frederick and Camberato, 1995), and thus has 
direct influence on phenology. Optimum nutrient availability and improved soil 
conditions due to carbon based source might have extended growing period as a 
result of vigorous and better crop growth (Li, 2003), and thus have delayed 
phenology of wheat. Slow release of nutrients (Matsi el aI., 2003) might be 
another possible justification for delayed phenology in fertilized stubble 
incorporated plots. Ayoub et al. (1994) and Badaruddin et al. (1999) also 
observed delayed heading and physiological maturity in fertilized plots.  
5.4. Physiological parameters 
Leaf area (LA) was not affected by tillage systems however, leaf area 
index (LAI) response was positive to minimum tillage system. Average LA is 
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positively correlated with greater assimilation as a result of photosynthesis 
(Lopez-Bellido et al., 1998), further influenced by light use efficiency (LUE) 
(Halvorson et al., 2001b; Malhi et al., 2006). Similar finding was also obtained by 
Al-Darby and Lowery, (1987) but contradictory to the findings of Gajri et al. 
(1992) who observed higher LA in conventional or deep tiled plots compared to 
minimum tillage. Addition of fertilizer N mix with stubble incorporation had 
resulted higher average LA compared to burnt and removed or control one. 
Application of fertilizer N and further released of N from incorporated 
stubble had improved soil mineral or inorganic nitrogen (Meng et al., 2005), thus 
increased N absorption for improving the canopy chlorophyll (Houles et al., 2007) 
and thereby had increased the leaf area. Our results are in agreement with that 
of Singh et al. (2003) who reported increased LA with application of balanced 
fertilizer in wheat crop. N application can significantly stimulate LA growth, 
assimilation capacity and thus LA (Mossedeq , 1991; Zhang et al., 1998). 
Deldon, (2001) observed a decreasing trend in LA due to low application of 
fertilizer N. Our findings also supported by Kibe et al. (2006) and Pan et al. 
(2006) who testified greater LA and LAI in fertilized plots over control. This 
greater LAI in nitrogen fertilized plots is possibly due to the delayed leaf 
senescence, sustained, and longer leaf photosynthesis in fertilized treatments 
(Frederick and Camberato, 1995; Zhang et al., 1998). Likewise, other scientists 
e.g. Deldon, (2001) noticed a positive response of LAI to organic and inorganic N 
fertilizers. He further explained the reasons for higher leaf indices are greater 
nutrient availability, optimum water holding capacity and less volatilization of 
fertilizer N to gaseous form.  
Dry matter (DM) production in wheat plant various components (leaves, 
stem, peduncle, spike) at anthesis and afterward till maturity was significantly 
affected by tillage systems. The relative increase in DM production in different 
parts of wheat plant in the reduce tillage (RT) system is closely linked to better 
plant growth (Sainju et al., 2002 & 2006; Papini et al., 2007) over those tilled 
deeply or conventionally. This vigorous and better growth is probably being the 
results of higher mineralization happened in RT or CT systems (Soon et al., 
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2001; Drin et al., 1995) against DT system. Greater and consistent N 
mineralization might be the result of higher microbial population, organic, 
mineralizable, and recyclable N (Doran, 1987). Minimum tillage in our study 
depicted significantly higher dry matter (DM) production by leaves, flag leaf, 
peduncle and spike even at pre and post anthesis stage except peduncle dry 
weight at maturity than the rest of tillage systems.  
Till anthesis spike growth and development remains for around 20 to 30 
days (Abbate et al., 1998; Demotes-Manard et al., 1999) which act as a major 
sink for building up DM (Demotes-Manard and Jeuffroy, 2001). The spike 
response of DM accumulation to applied N is linked with improved light 
interceptions through plant canopy (Abbate et al., 1997), and tillering process 
which ultimately increased the variations in growth rate between tillers initiation 
and main shoots (Masle-Meynard, 1981).  
Both pre and post anthesis dry matter production in leaves, flag leaf, stem, 
peduncle and spike was greater in fertilized stubble incorporated plots compared 
to control or burnt. The response of dry mater production to integrated use of N 
and stubble incorporation at all growth stages was far better than either control, 
burnt or stubble removed ones. Maize stubble incorporation at the rate of 2.5 
tons ha-1 along with application of fertilizer (120 kg N ha-1) had resulted in great 
DM production than either unfertilized, stubble burnt or removed. Our findings are 
in agreement with the results of Barbottin et al. (2005), who observed that soil 
applied N had affected dry matter accumulation. Enhanced DM production might 
be associated with better photosynthetic capabilities (Lopez-Bellido et al., 1998) 
or greater released of net nitrogen (Metwally and Khamis, 1998) and thereby 
resulted in higher dry matter productions. More dry matter production was 
recorded by Das et al. (1993) and Ramesh et al. (2002) in response to more N 
fertilization. Balanced and recommended application of N as well as stubble 
incorporation had excelled DM accumulation at all wheat growth stages 
compared to control and either stubble removed or burnt. Operating extensive 
tillage systems and residue removal in a continuous cereal base cropping system 
put the soil of central plains of Khyber Pakhtunkhwa under great stress, which 
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might have resulted in less crop productivity. Transformation of non-structured 
photo assimilates to spikes happened either through current photo assimilates or 
from the provisionally stored vegetative plant organs (Gebbing et al., 1999). Our 
findings are supported by the results of earlier scientists e.g. Abbate et al. (1995), 
who were of the opinion that dry matter was greater in plots receiving higher N 
than in plots applied low nitrogen.  
5.5. Wheat yield and its components 
Statistically higher wheat spikes m
-2
, grains spike-1 and 1000-grain weight 
(1000-GW) were noted in minimum tillage compared to deep tillage. Minimally 
tilled plots had additional soil moisture (Al-Kaisi and Yan, 2005), residual nitrogen 
(Sainju et al., 2007), minimum potential risk for NO3
- leaching and higher N 
efficiency (Bossche et al., 2009), and reduced C (Dolan et al., 2006) could be 
connected to overall improved crop performance and growth, and thus have 
enhanced yield components when matched to deep tilled plots. Our results are 
supported by Maali and Agenbag, (2003) who had testified that tillage systems 
had a significant influence on the number of spikelets per spike and number of 
spikes m-2 of spring wheat. Similarly, Monneveux et al. (2006) counted fewer 
numbers of grains per cob in corn in no tillage as compared to conventional.  
Incorporation of maize stubbles and recommended fertilizer N statistically 
enhanced wheat yield components compared to other stubble management 
strategies. The residual effects of reduce and available N for improved crop 
growth from the preceding year (2009-10) could probably explain the enhanced 
yield components in fertilized treatments (Singh et al., 2004; Anatoliy and Thelen, 
2007). The higher available nitrogen (Anatoliy and Thelen, 2007), total nitrogen 
availability in N amended (Dolan et al., 2006) plots or other essential micro 
nutrients availability (Wong et al., 1999), better water holding capacity (Williams, 
2004), and presence of organic carbon (Blair et al., 2006b; Sullivan et al., 2007) 
possibly be the other explanations for improved yield components in fertilized 
and stubble incorporated treatments compared to unfertilized, stubble removed 
and burnt treatments. Addition of N fertilizer have positive effect on residue 
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decomposition and hence exhibit greater dry matter loss as well as released N 
and P from straw residues (Soon and Arshad, 2002), and thus yield component 
were improved in fertilized stubble incorporated (SI) plots. The higher spike m-2 
and kernel spike-1 might be associated to the sufficient N availability, which had 
assisted the tillering capacity and seed setting of the wheat crop (Upadhyay and 
Tiwari, 1996; Jan and Khan, 2002). These findings are in line with the results of 
Ayub et al. (1994), Upadhyay and Tiwari, (1996) and Singh and Bhan, (1998) 
who had recorded greater spikes m-2
 
and seeds per spike with enhanced (120 kg 
N ha-1) fertilizer. Increased kernel weight in fertilized and stubble incorporated 
plots might be associated with assimilates accumulation or to the availability of 
available N at grain felling stage. These findings are in line with the results of 
Song et al. (1998), Zhu-Yunji et al. (2002) and Khan et al. (2005) who recorded 
heavier seeds in fertilized-N plots. 
Crop stand and phenology was improved with N-fertilization (Khan et al., 
2008) and therefore might have improved yield components. The insufficient N 
level in control or unfertilized plots had resulted in lesser yield component 
possibly due to less availability of nitrogen for satisfactory plant growth (Sidhu 
and Sur, 1993). Positive correlation was found by Demotes-Mainard et al. (1999) 
between kernel per spike and spike growth however, some researcher e.g. 
Abbate et al. (1997) found linear trend between light interception and fertile 
spikelet per spike while others had related the same with N management 
(Fischer, 1993; Demotes-Mainard et al., 1999) or enough N translocation to spike 
(Abbate et al., 1995).  
Wheat biological yield was greater in reduce tillage compared to deep or 
conventional tillage. The greater soil moisture content (Thomas et al., 2007), 
improved mineralization (Soon et al., 2001), greater microbial activity, less loss of 
N through leaching, organic carbon and maximum N utilization (Doran, 1987; 
Salinas-Garcia et al., 1997; Bossche et al., 2009) probably had improved the 
total wheat biomass in minimally tilled plots compared to the rest. Ozpinar and 
Cay, (2005) also reported similar results. Maize stubble incorporation combined 
with application of urea-N had improved the total biomass of wheat compared to 
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either sole bare or burnt plots. This higher wheat biomass in fertilized maize SI 
plots might be, is the result of higher performance of individual plant. Moreover, 
the amalgamation of fertilizer N at the time of crop residue incorporation had 
improved the decomposition process and resultantly higher mineralization of 
reduced N (Aulakh et al., 2000; Soon and Arshad, 2002) had enabled the plants 
to take up more N. Improved soil physico-chemical properties having plant 
conducive environment as testified by different researchers (Sidhu and Beri, 
1989, Abril et al., 2007; Semenov et al., 2007; Rasool et al., 2007) might be 
another possible explanation for improved wheat bio yield in fertilized SI plots 
compared to either control or sole burnt treatments.  
Significantly greater wheat yield was obtained in minimum tilled plots 
compared to the rest of tillage systems. The improvement in yield components of 
individual plant as discussed earlier might have contributed to the greater grain 
yield in minimum tillage system. The greater conserved soil biota (Nakamoto et 
al., 2006), greater water retention (Thomas et al., 2007), improved fertility of soil 
(Wright and Hond, 2005; Papini et al., 2007), less soil densification (Weisskopf 
and Anken, 2006), optimum availability of nutrient (Xiao-Bin et al., 2006), 
minimum nutrient losses (Sainju et al., 2006), and optimum N availability met 
crop N requirement (Halvorson et al., 2006) had increased individual plant 
performance in less ploughed plots, and thus might have increased the grain 
yield. Moreover, decomposition of organic carbon played an important role for 
increasing soil fertility, and minimum soil erosion as reported by Lopez-Bellido et 
al. (2001a &b) and Sainju et al. (2006) under MT and thus has positive influence 
on grain yield. Our results are supported by Liu and Wiatrak, (2012) who 
recorded higher corn yield in strip tillage system compared to conventional and 
no tillage system. Likewise, Pederson and Lauer, (2003) reported 2% higher 
kernel weight in MT than CT systems but contradictory to Rieger et al. (2008) 
results who observed no differences for wheat biomass accumulation and grain 
yield between conventional tillage and no-tillage. 
The incorporated stubble two months prior to sowing had optimized the 
grain yield (Sims et al., 1998) compared to burnt or stubble removed. Mehdi et al. 
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(1999) and Wolf and Eckert, (1999) also suggested that reduce or zero tillage 
had no negative effects on crop yield. Coulter and Nefziger, (2008) also 
supported our findings who observed greater grain yield in reduced tillage 
system. Beyaert et al. (2002) observed no influence on early crop growth by 
applying various tillage systems and thus had no influence on plant reproductive 
components. The greater N loss via leaching in deep tillage might be 
accountable for lowering crop yield (Thomas et al., 1973; Kitur et al., 1984).  
Greater grain yield were noted in fertilized and SI plots compared to 
control or burnt plots. This is due to greater nutrient availability in fertilized 
incorporated plots (Halvorson et al., 2001b; Camara et al., 2003; Rahman, 2004; 
Malhi et al., 2006). Retention or placement of crop residues close to soil surface 
might have resulted in higher release of nutrient and organic C (Rahman, 2004; 
Singh et al., 2004), lower evapotranspiration (Ortega et al., 2002), greater water 
conservation (Cantero-Martinez et al., 1995), minimum soil temperature 
(Badaruddin et al., 1999), conserved soil water (Wilhelm et al., 2004), low soil pH 
(Heenan, 2005), greater aggregate stability and better resistant to soil erosion 
(Rasmussen, 1999) and thus have excelled yield and its component efficiency. 
Managing a combination of good quality and low quality residues with fertilizer 
can exploit yield potential in many crops (Snapp et al., 2003). Short term N 
immobilization under conservation tillage system can be compensated by up to 
25 % extra N application to prevent yield limitation (Randall and Bandel, 1991). 
Grain yield and dry mater production are correlated and therefore, grain yield is a 
function of dry matter production, PAR interception, canopy air, LAI and soil 
temperature (Kler et al; 2007). Individual crop plant performance like number of 
spikelets, seed per spike and seed weight (Zhai and Xiu LI, 2006) might have 
increased grain yield. The increased wheat yield in fertilized SI plots was 
associated to increased tillers m-2, productive tillers m-2, kernels spike-1 and 
1000-seed weight. Hossain et al. (2002) had also reported similar results.
  
Generally yield potential is strongly affected by previous crop 
management, fertilization, nitrogen application method than tillage systems 
(Kelley and Sweeney, 2005). Nevertheless, incorporated stubble with addition of 
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N had compounded the preceding crop effect and in consequence greater crop 
yield was attained in reduce tillage compared to the rest. Crop yield maintenance 
is associated with greater N recovery in fertilized plots (Bundy et al., 1994; Gehl 
et al., 2005) and further improved by residue N when mixed with Fertilizer N led 
to higher yield, organic matter and fertility of soil (Blair et al., 2006a), rehabilitated 
physico-chemical traits of soil (Celik et al., 2004) and thus increased final yield. 
Aulakh et al. (2001) supported our results by getting higher crop yield in 
treatments containing organic and available N. The availability of mineral N as 
applied and developed as a result of mineralization of organic N may have 
described the yield differences. The improved yield in organic source of N 
possibly due to mineralization and buildup microbial C and N pool (Kristensen et 
al., 2003) under stubble incorporated plots, or residual/carry over soil N 
(Habtegebrial et al., 2007). The satisfactory moisture content in the root zone of 
the subsurface managed stubble treatments or more efficient nutrient utilization 
released as of decomposition of the added residue by the crop (Chiroma et al., 
2006) might be another reason for more grain yield in fertilized plots. Similarly 
Sidhu and Sur, (1993) experienced minimum yield as a result of lower level of 
applied N led to inefficient plant growth due to less available N. 
 Harvest index (HI) was affected by tillage systems, N application and SM 
treatments. Minimum tillage and fertilized (N) SI plots had resulted statistically 
higher HI over control or residue burnt plots. The optimum N availability had 
affected grain and biological yield advocating the proportional increase in 
economical and biological yield, which might have increased HI in fertilized and 
minimally SI plots over the rest. Our results are contradictory to those of Kwaw-
Mensah and Al-Kaisi, (2006) who observed no differences for HI in fertilized or 
control plots. The availability of additional N through higher N mineralization in 
minimum tilled plots (McCarthy et al., 1995; Halvorson et al., 2001; Sainju and 
Singh, 2001; Dinnes et al., 2002; Sainju et al., 2002) might be linked to higher HI 
compared to other tillage systems. This surplus N might have enhanced the HI 
by improving grain yield in plots having fertilizer N mixed with stubble 
incorporation compared to other stubble managed practices.  
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5.6. Additional agronomic observations 
Other agronomic parameters like emergence m-2, tillering per square 
meter, plant height and lodging score can play an important role in crop 
establishment and towards final production. Greater seedlings and tillers in MT 
and fertilized SI plots were observed while the same treatments did not show any 
significant difference for lodging score. The better emergence and more tillers in 
minimum tillage would be attributed to appropriate and sufficient water availability 
being conserved in MT (Chiroma et al., 2006; Thomas et al., 2007; Slawinski et 
al., 2012) for proper sprouting and germination initiation of Phase II seedling 
stage. The more organic C (Al-Kaisi and Yan, 2005; Guzman et al., 2006; 
Nakamoto et al., 2006) and/or soil nitrogen (Soon et al., 2001; Wright and Hond, 
2005) or slighter N leaching (Sainju et al., 2006) possibly have improved crop 
stand or establishment in term of shoots and tillers development.  
The greater essential nutrient availability (Ortega et al., 2002; Blair et al., 
2006a), better water holding capacity of soil (Wong et al., 1999) and little 
volatilization of N fertilizer to ammonium gas form (Sattar and Gaur, 1989; Tran-
Thuc-Son et aI., 1995) revealed in N mixed SI plots might be the possible 
explanations for satisfactory crop stand. This improvement could also be linked 
to the highest shoot survival by remaining green longer and hence great number 
of tillers survived till reproductive stage (Ayoub et al., 1994; Iqtidar et al., 2006) at 
optimum N level through applications of organic and available N sources. 
 Reduction of soil evaporation (Olasantan, 1999; Ortega et al., 2002) in N 
mixed stubble incorporated plots made available sufficient water for root 
development (Hossain et aI., 2002; Matsi et aI., 2003) could also plead for higher 
seedling emergence and thus better tillering potential and improved crop stand. 
Our findings are in agreement with those of Badaruddin et al. (1999) and Hossain 
et al. (2002) who observed statistically higher tillers m-2
 
in plots having combined 
sources of organic and inorganic fertilizers.  
The response of plant stature to different tillage systems was not 
significantly different however; minimum tilled plots had a bit taller plants than 
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conventional and deep tilled plots and could be associated with optimum amount 
of soil water (Al-Kaisi and Yin, 2005), organic matter (Dolan et al., 2006), residual 
soil nitrogen (Sainju et al., 2007) and improved crop growth. Pederson and 
Lauer, (2003) recorded 2 % higher plant height in minimum tillage compared to 
other tillage systems. Taller wheat plants in N added stubble incorporated plots 
are credited to the readily available N from reduce source. Increase in plant 
stature may be due to positive effect of nitrogen on plant growth (Ayoub et aI., 
1994; Llovras et aI., 2001; Iqtidar et al., 2006). The higher availability of essential 
nutrients and better water holding capacity (Lloveras et aI., 2001; Hossan et aI., 
2002; Matsi et aI., 2003) in recommended fertilized stubble incorporated plots 
might have resulted taller plants than control plots. The availability of optimum 
plant nutrients might had accelerated cell expansion, enlargement and division 
and thus resulted in taller plants (Song et al., 1998). These findings are in 
agreements with the results of Loveras et al. (2001) and Iqtidar et al. (2006). The 
lodging score was not statistically different due to tillage systems and N or SM 
treatments. Since wheat variety Pisabak-2005 is drought resistant variety having 
a bit deep root system produced strong enough tillers in all plots might have 
minimized lodging. 
 
 
 
 
  
 
   
. 
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VI. SUMMARY 
The impact of different tillage systems and maize stubble management in 
a cereal based cropping system was examined in a 2-year (2009-11) field 
experiment on spring wheat (cv. Pirsabak-2005) with a continuous crop rotation 
of wheat-maize-wheat (with Maize, cv. Iqbal 2010) at Cereal Crops Research 
Institute Pirsabak (34oN Latitude, 72oE Longitude and 288m Altitude)  Nowshera 
under irrigated conditions. After physico-chemical analysis; the soil type silt clay 
loam, moderately drained as well as calcareous. However, soil was deficient in 
mineral N and P with sufficient K having 11.21 g kg-1 soil organic carbon with a 
pH value of 7.85. The environmental conditions of the institute were warm to hot, 
semi-arid subtropical continental climate with average annual rainfall of about 
380 mm. Apart from rainfall during the growth season, the crop water 
requirement at critical growth stages were met through basin irrigation system as 
and when required. Weather data like rainfall and temperature data were 
collected with an automated weather station installed at the institute. 
Three tillage systems (TS) (i) minimum (rotavator=10cm) (ii) 
conventional (cultivator=20cm) and, (iii) deep (mouldboard=30cm) were 
allotted to the main plots whereas six maize stubble management practices i. 
stubble removal (bare), ii. burning and iii. incorporation alone, iv. physical 
removal + 120 kg N ha-1, v. burnt + 120 kg N ha-1 and vi. incorporation + 120 
kg N ha-1 were laid out in subplots. Plotting was done in the field having maize 
stubbles after harvesting the crop and field surface was tilled by a common 
cultivator to ease the stubble management practices two months prior to 
wheat sowing. Stubbles were removed physically from the control plots and 
worked out weight after sun-dry to have an idea of how much stubble were 
burnt or incorporated, which was 2.5 t ha-1. In the burnt treated plots sun-dry 
stubbles were collected and burnt by setting fire and ash were mixed in soil 
immediately to control ash loss through wind.  
Fertilizer urea (46% N) as an inorganic nitrogen source was applied at the 
rate of 120 kg ha-1 in split i.e. half at sowing and half at 2nd irrigation.  The subplot 
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consist of 5m x 3m having 10 rows 30 cm apart with 5 meter length while a 
distance of 50cm between tow subplots,  one meter between the main plots and 
2 meters between replications were maintained in the experimental field. 
Fertilizer phosphorus and potash was applied to the field at the rate of 90 and 60 
kg ha-1 each as single super phosphate (18% P2O5) and murate of potash (52% 
K) respectively as a basal dose. The agronomic and cultural practices including 
irrigation, weeds control through weedicide and hoeing etc. were carried out 
uniformly for all the treatments in each replication. Wheat PS-2005 was planted 
on 9th and 16th Nov. of 2009 and 2010 respectively and the left over corn stubble 
after harvesting in June of 2009 and 2010 were used as a source of residues for 
the succeeding wheat crop. 
Minimum tillage system had statistically improved soil moisture content 
(20.02 %), soil mineral (13.23 mg kg-1 soil) and total N (0.75 g kg-1 soil) over the 
years compared to conventional or deep tillage. SOC was not significantly 
affected by tillage system during both years however; it improved over two years 
(14.67 g kg-1 soil). Soil pH and C/N ratio was not significantly affected by any 
tillage system during both years and over the years too. Application of N (120 kg 
ha-1) did not affect soil moisture and bulk density during both single years as well 
as over two years however, SOC (13.43 g kg-1 soil), soil mineral N (13.31 mg kg-1 
soil) and total N (0.77 g kg-1 soil) was found greater over the years and on single 
year basis too. Soil pH and C/N has affected by fertilizer N during 2010 and 2011 
respectively however, significant variations were observed over the years. 
Stubble incorporated plots had significantly improved all of the physico-chemical 
characteristics compared to stubble burnt or removed plots. 
Nitrogen content in wheat different parts like leaves, stem and spike at 
both anthesis and maturity stages was not affected by tillage systems except 
nitrogen content in leaf at maturity stage which was found higher in minimum 
tilled plots (3.12 g kg-1 DM). While minimally tilled plots had resulted significantly 
higher straw N (5.26 g kg-1 DM) and grain N (19.08 g kg-1 grain) content, straw N 
uptake (43.67 kg ha-1) and grain N uptake (60.06 kg ha-1), and total N uptake by 
wheat (103.74 kg ha-1) compared to conventional and deep tilled plots. Different 
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tillage systems did not show significant affect for nitrogen indices like NUE, 
NUpE, NUtE, NHI and grain protein content during both single year however, NHI 
(57.34%) and protein content in grain (11.92 %) was found significantly higher 
over the years in minimally ploughed plots compared to other tillage systems. 
Fertilized stubble incorporated plots had statistically increased nitrogen content in 
wheat different components (leaves, stem, spike, straw, grain, straw N uptake 
(48.31 kg ha-1), grain N uptake and total N uptake (117.10 kg ha-1) compared to 
unfertilized and stubble burnt or removed plots at pre and post anthesis stages. 
However, significantly higher NUE of wheat crop was observed in control or 
unfertilized and stubble removed plots (50.99 kg grain ha-1/ kg N ha-1) compared 
to fertilized stubble incorporated plots (17.85 kg grain ha-1/ kg N ha-1). N uptake 
efficiency and N utilization efficiency was not affected by N application. 
Incorporated stubble plots had resulted significantly higher results for N uptake 
efficiency (37.16 kg plant N ha-1/ kg soil available N ha-1) compared to stubble 
removed plots however, non-significant results were observed for N utilization 
efficiency among different stubble management practices. N harvest index 
(57.25%) and grain protein (12.01%) of wheat was significantly affected by 
addition of 120 kg N ha-1 compared to control plots while stubble incorporation 
had affected the later one only compared to stubble removed or burnt plots. 
No significant variations were observed for phenological observations 
except days to emergence among different tillage systems however; early 
emergence was observed in minimum tillage system (10 days) compared to 
conventional (11 days) or deep tillage system (12 days). N applied plots had 
significantly enhanced days to boot, anthesis and maturity on single year as well 
as on both year average basis compared to control plots. While stubble 
management did not affect wheat phenology in each individual year however, 
stubble incorporated plots took more days to boot and anthesis stage over the 
years compared to burnt and stubble removed plots. 
Tillage systems had not affected average leaf area however, higher leaf 
area index was observed in minimally tilled plots during 2011 and then over the 
years (3.72) compared to conventional or deep tilled plots. N fertilized plots had 
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significantly increased leaf area and leaf area index compared to unfertilized 
plots. SI plots had increased leaf area over the years only while the same 
treatment had statistically enhanced LAI during both years and over the years as 
compared to other stubble managed plots. Pre and post anthesis production of 
dry matter (DM) in wheat various parts (leaves other than flag, flag leaf, stem, 
peduncle and spike) except peduncle dry weight at maturity were increased over 
the years in minimum tilled plots compared to rest of tilled plots. Similarly, N 
added SI plots had statistically excelled DM production in all plant parts over two 
years before and after anthesis stage compared to removed and stubble burnt 
treatments. 
Grain yield (3134 kg ha-1) and yield components i.e. number of spikes per 
square meter (279), kernel per spike (45), and 1000-grain weight (53.52 g), 
biological yield (11415 kg ha-1), straw yield (8281 kg ha-1) and harvest index 
(27.12%) was found significantly higher over the years in minimum tilled 
treatments compared to conventional or deep tilled treatments.  Application of 
120 kg N ha-1 and maize stubble incorporation prior to wheat sowing had also 
increased yield (3156 kg ha-1) and its components, biomass production (11590 
kg ha-1) and HI (27.05%) over the years against unfertilized and stubble removed 
or burnt.  
Over the years greater emergence m-2 (91) and higher number of tillers m-
2 (298) were observed in minimally tilled plots as compared to deep and 
conventional tilled plots. Similarly, N fertilization had also enhanced emergence 
of wheat compared to control plots while stubble management practices did not 
show any significant effect on wheat emergence however, combined use of 
fertilizer N (120 kg ha-1) and incorporated stubble had significantly enhanced 
number of tiller per unit area compared unfertilized and stubble burnt plots. 
Different tillage systems did not affect plant height and lodging score over the 
years however; application of N fertilizer along with stubble incorporation had 
significantly affected plant height compared to control and burnt plots. Neither N 
fertilization nor different stubble management practices had shown significant 
effect on lodging score of wheat and hence less or no lodging score was 
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observed. Hence, we can summarize that maize stubble incorporation along with 
recommended dose of fertilizer N (120 kg ha-1) for wheat crop had improved 
yield, nitrogen dynamics, dry matter production and soil quality parameters in a 
continuous cereal based cropping system instead of stubble burning or removal. 
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VII. CONCLUSIONS AND RECOMMENDATIONS 
7.1  CONCLUSIONS 
It was concluded from our study that minimum tillage system had 
improved soil moisture content, soil bulk density, soil mineral N, total nitrogen 
and soil organic carbon. Similarly, maize stubble incorporation either alone or mix 
with fertilizer N (120 kg ha-1)  had significantly improved most of the soil physico-
chemical properties compared to bare and burnt treatments. Minimum tillage had 
resulted in increased grain N uptake, total N uptake by plant, NUpE, NHI and 
grain yield as compared to conventional and deep tillage system. Corn stubble 
incorporation with recommended dose of fertilizer N (120 kg ha-1) when ploughed 
minimally over the years had improved organic and mineral N pools of soil for the 
subsequent wheat crop production.  
Further, integrated use of stubble incorporation and N had significantly 
affected wheat phenology and crop establishment.  Minimum tillage and corn 
stubble incorporation mix with N had improved biological yield, grain yield and its 
components. Effect of the treatments was more conspicuous in the following year 
as compare to first year results due to carry over effect. We concluded that 
reduced tillage and corn stubble incorporation in combination with recommended 
dose of fertilizer nitrogen in a continuous cereal based cropping system improved 
soil physico-chemical properties, soil water regime and crop productivity. 
7.2 RECOMMENDATIONS 
• On the basis of results obtained from our study we recommend that 
minimum tillage up to a depth of 10 cm is best for wheat production. 
• The farming communities are advised to incorporate maize stubble after 
maize harvesting prior to wheat sowing instead of removing and burning. 
• N may be applied along with stubble of maize incorporation for ensuring 
fast and proper decomposition and avoiding immobilization of available N 
for the succeeding wheat crop. 
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IX. APPENDIX  
 Table 55.  Mean squares for soil moisture content (SMC) and soil bulk density (SBD) as 
affected by tillage systems and stubble management practices. 
Table 56.  Mean squares for soil mineral nitrogen (SMN) and soil total nitrogen (STN) as 
affected by tillage systems and stubble management practices. 
Source of Variation 
     SMN STN 
Df 2009-10 2010-11 2009-10 2010-11 
Replication 3 0.49  0.08  0.002  0.001  
Tillage System (TS) 2 10.51 * 11.98 ** 0.013 * 0.067 ** 
Error-I 6 1.04  0.73  0.002  0.006  
Management (M) 5 12.69 ** 16.53 ** 0.033 ** 0.097 ** 
Nitrogen (N) 1 45.45 ** 49.44 ** 0.124 ** 0.404 ** 
Stubble Management (SM) 2 8.94 ** 15.72 ** 0.020 ** 0.038 ** 
Removed (R) vs (B +I) [1] 8.80 ** 17.33 ** 0.022 ** 0.043 ** 
Burnt (B) vs Incorporated (I) [1] 9.08 ** 14.11 ** 0.017 ** 0.032 * 
N x SM 2 0.07 ns 0.89 ns 0.001 ns 0.004 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.10 ns 0.09 ns 0.001 ns 0.007 ns 
(No-N vs N) x (B vs I) [1] 0.04 ns 1.70 ns 0.001 ns 0.001 ns 
TS x M 10 0.64 ns 0.97 ns 0.002 ns 0.005 ns 
TS x N [2] 1.16 ns 0.10 ns 0.005 ns 0.008 ns 
TS x SM [4] 0.32 ns 0.45 ns 0.002 ns 0.006 ns 
TS x N x SM [4] 0.70 ns 1.91 ** 0.002 ns 0.003 ns 
Error II 45 0.70  0.48  0.002  0.005  
Main Plot CV%  5.12  4.26 3.78  6.24  
Subplot CV%  6.76  5.52  5.92 9.84  
Source of Variation 
     SMC SBD 
Df 2009-10 2010-11 2009-10 2010-11 
Replication 3 0.31  0.03  0.00035  0.00017  
Tillage System (TS) 2 12.51 * 9.98 * 0.00092 ns 0.00088 ns 
Error-I 6 1.82  1.15  0.00056  0.00023  
Management (M) 5 8.17 ** 9.07 ** 0.01892 ** 0.02222 ** 
Nitrogen (N) 1 1.90 ns 0.91 ns 0.00050 ns 0.00036 ns 
Stubble Management (SM) 2 19.40 ** 22.16 ** 0.04687 ** 0.05526 ** 
Removed (R) vs (B +I) [1] 18.45 ** 23.97 ** 0.02881 ** 0.03269 ** 
Burnt (B) vs Incorporated (I) [1] 20.35 ** 20.35 ** 0.06494 ** 0.07784 ** 
N x SM 2 0.07 ns 0.07 ns 0.00019 ns 0.00012 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.10 ns 0.08 ns 0.00035 ns 0.00022 ns 
(No-N vs N) x (B vs I) [1] 0.05 ns 0.05 ns 0.00003 ns 0.00001 ns 
TS x M 10 0.14 ns 0.26 ns 0.00006 ns 0.00007 ns 
TS x N [2] 0.34 ns 0.03 ns 0.00003 ns 0.00007 ns 
TS x SM [4] 0.14 ns 0.39 ns 0.00013 ns 0.00009 ns 
TS x N x SM [4] 0.04 ns 0.25 ns 0.00001 ns 0.00006 ns 
Error II 45 1.32  1.70  0.00027  0.00052  
Main Plot CV%  4.68  3.24 1.18 
 
0.76  
Subplot CV%  6.39  6.32     1.31             1.82  
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* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
 
Table 57.  Mean squares for soil moisture content (SMC), soil bulk density 
(SBD), soil mineral nitrogen (SMN) and soil total nitrogen (STN) as 
affected by tillage systems and stubble management practices. 
 
 
 
 
 
 
Source of Variation    df    SMC    SBD SMN STN 
Years (Y) 1 243.36 ** 0.00058 ns 0.78 ns 0.103 ** 
Reps within Y 6 0.17  0.00026  0.28  0.002  
Tillage System (TS) 2 22.41 ** 0.00179 * 22.42 ** 0.068 ** 
Y x TS 2 0.09 ns 0.00001 ns 0.06 ns 0.012 ns 
Error 1 12 1.48  0.00040  0.89  0.004  
Management (M) 5 17.15 ** 0.04107 ** 28.90 ** 0.121 ** 
Nitrogen (N) 1 2.72 ns 0.00085 ns 94.85 ** 0.488 ** 
Stubble Management (SM) 2 41.47 ** 0.10196 ** 24.17 ** 0.056 ** 
Removed (R) vs (B +I) [1] 42.24 ** 0.06144 ** 25.42 ** 0.064 ** 
Burnt (B) vs Incorporated(I) [1] 40.69 ** 0.14248 ** 22.91 ** 0.048 ** 
N x SM 2 0.05 ns 0.00030 ns 0.66 ns 0.003 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.01 ns 0.00056 ns 0.18 ns 0.006 ns 
(No-N vs N) x (B vs I) [1] 0.10 ns 0.00004 ns 1.13 ns 0.001 ns 
Y x M 5 0.09 ns 0.00007 ns 0.33 ns 0.009 * 
Y*N 1 0.09 ns 0.00001 ns 0.04 ns 0.040 ** 
Y*SM [2] 0.09 ns 0.00018 ns 0.50 ns 0.001 ns 
Y*N*SM [2] 0.09 ns 0.00001 ns 0.31 ns 0.001 ns 
TS x M 10 0.31 ns 0.00012 ns 1.41 * 0.007 * 
TS x N [2] 0.28 ns 0.00010 ns 0.91 ns 0.013 * 
TS x SM [4] 0.43 ns 0.00020 ns 0.67 ns 0.008 ns 
TS x N x SM  [4] 0.20 ns 0.00004 ns 2.41 ** 0.004 ns 
Y x TS x M 10 0.09 ns 0.00002 ns 0.19 ns 0.001 ns 
Y*TS*N [2] 0.09 ns 0.00001 ns 0.35 ns 0.001 ns 
Y*TS*SM [4] 0.09 ns 0.00002 ns 0.10 ns 0.001 ns 
Y*TS*N*SM [4] 0.34 ns 0.00014 ns 0.89 ns 0.012 ** 
Error II 90 1.51  0.00039  0.59   0.004 
Main Plot CV%  6.30  1.59 7.53   8.40  
Subplot CV%  6.37  1.59 6.16  8.27  
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* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 58.  Mean squares for soil organic carbon (SOC), soil C/N ratio (C/N) as 
affected by tillage systems and stubble management practices. 
Table 59.  Mean squares for soil pH (SpH), leaf nitrogen at anthesis (LNA) as 
affected by tillage systems and stubble management practices. 
Source of Variation 
     SOC C/N 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 7.22  2.33  9.07  7.13  
Tillage System (TS) 2 9.51 ns 6.75 ns 4.31 ns 12.06 ns 
Error-I 6 4.07  3.38  8.25  11.42  
Management (M) 5 30.76 ** 58.06 ** 24.71 ** 48.53 ** 
Nitrogen (N) 1 29.54 ** 51.73 ** 3.65 ns 64.34 * 
Stubble Management (SM) 2 61.58 ** 119.15 ** 58.12 ** 87.42 ** 
Removed (R) vs (B +I) [1] 55.61 ** 108.56 ** 46.65 ** 71.84 * 
Burnt (B) vs Incorporated (I) [1] 67.55 ** 129.73 ** 69.60 ** 103.01 ** 
N x SM 2 0.54 ns 0.13 ns 1.84 ns 1.72 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.98 ns 0.01 ns 3.66 ns 2.84 ns 
(No-N vs N) x (B vs I) [1] 0.10 ns 0.26 ns 0.01 ns 0.60 ns 
TS x M 10 0.17 ns 0.71 ns 1.51 ns 3.19 ns 
TS x N [2] 0.07 ns 0.00 ns 2.66 ns 4.59 ns 
TS x SM [4] 0.07 ns 1.39 ns 0.74 ns 3.97 ns 
TS x N x SM [4] 0.32 ns 0.37 ns 1.72 ns 1.70 ns 
Error II 45 1.83  2.79  5.49  10.67  
Main Plot CV%  9.39 7.71 9.20  10.39  
Subplot CV%  10.06 11.19 12.01  16.07  
Source of Variation 
     SpH LNA 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 0.028  0.081  0.034  0.043  
Tillage System (TS) 2 0.150 ns 0.096 ns 0.089 ns 0.098 ns 
Error-I 6 0.137  0.102  0.096  0.066  
Management (M) 5 0.243 ** 0.252 ** 0.169 ** 0.265 ** 
Nitrogen (N) 1 0.257 * 0.126 ns 0.735 ** 1.079 ** 
Stubble Management (SM) 2 0.467 ** 0.544 ** 0.045 ns 0.097 * 
Removed (R) vs (B +I) [1] 0.481 ** 0.569 ** 0.055 ns 0.081 ns 
Burnt (B) vs Incorporated (I) [1] 0.452 ** 0.519 ** 0.035 ns 0.112 * 
N x SM 2 0.011 ns 0.024 ns 0.010 ns 0.026 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.022 ns 0.002 ns 0.010 ns 0.011 ns 
(No-N vs N) x (B vs I) [1] 0.001 ns 0.045 ns 0.010 ns 0.041 ns 
TS x M 10 0.016 ns 0.010 ns 0.003 ns 0.002 ns 
TS x N [2] 0.029 ns 0.004 ns 0.007 ns 0.007 ns 
TS x SM [4] 0.021 ns 0.003 ns 0.002 ns 0.002 ns 
TS x N x SM [4] 0.004 ns 0.021 ns 0.001 ns 0.001 ns 
Error II 45 0.062  0.067  0.015  0.027  
Main Plot CV%  3.01 2.64 5.41  4.43  
Subplot CV%  3.23 3.42 3.46  4.52  
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* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 60.  Mean squares for soil organic carbon (SOC), soil C/N ratio (C/N), 
soil pH (SpH) and leaf nitrogen content at anthesis (LNCA) as 
affected by tillage systems and stubble management practices over 
the years. 
  
  
 
 
 
 
 
Source of Variation     df SOC    C/N   SpH LNA 
Years (Y) 1 79.74 ** 24.45 ns 0.512 ** 0.066 ns 
Reps within Y 6 4.77  8.10  0.054  0.039  
Tillage System (TS) 2 16.04 * 2.32 ns 0.238 ns 0.187 ns 
Y x TS 2 0.21 ns 14.05 ns 0.008 ns 0.001 ns 
Error 1 12 3.73  9.83  0.119  0.081  
Management (M) 5 86.50 ** 68.86 ** 0.485 ** 0.427 ** 
Nitrogen (N) 1 79.72 ** 49.31 * 0.371 * 1.798 ** 
Stubble Management (SM) 2 176.02 ** 144.05 ** 1.009 ** 0.135 ** 
Removed (R) vs (B +I) [1] 159.78 ** 117.14 ** 1.048 ** 0.135 * 
Burnt (B) vs Incorporated(I) [1] 192.25 ** 170.97 ** 0.970 ** 0.136 * 
N x SM 2 0.38 ns 3.43 ns 0.017 ns 0.034 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.42 ns 6.47 ns 0.005 ns 0.022 ns 
(No-N vs N) x (B vs I) [1] 0.34 ns 0.40 ns 0.029 ns 0.046 ns 
Y x M 5 2.31 ns 4.38 ns 0.010 ns 0.007 ns 
Y*N 1 1.54 ns 18.68 ns 0.012 ns 0.016 ns 
Y*SM [2] 4.71 ns 1.49 ns 0.001 ns 0.006 ns 
Y*N*SM [2] 0.29 ns 0.12 ns 0.018 ns 0.003 ns 
TS x M 10 0.53 ns 3.90 ns 0.019 ns 0.002 ns 
TS x N [2] 0.03 ns 7.10 ns 0.027 ns 0.008 ns 
TS x SM [4] 0.84 ns 3.79 ns 0.015 ns 0.001 ns 
TS x N x SM  [4] 0.48 ns 2.41 ns 0.019 ns 0.001 ns 
Y x TS x M 10 0.34 ns 0.81 ns 0.007 ns 0.003 ns 
Y*TS*N [2] 0.04 ns 0.15 ns 0.006 ns 0.006 ns 
Y*TS*SM [4] 0.62 ns 0.93 ns 0.009 ns 0.002 ns 
Y*TS*N*SM [4] 3.75 ns 7.49 ns 0.030 ns 0.015 ns 
Error II 90 2.31  8.08  0.064  0.021  
Main Plot CV%  13.62 15.74  4.53  7.90  
Subplot CV%  10.72 14.27  3.33  4.03  
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* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 61.  Mean squares for leaf nitrogen content at maturity (LNCM) and 
stem nitrogen content at anthesis (SNCA) as affected by tillage 
systems and stubble management practices. 
Table 62.  Mean squares for stem nitrogen content at maturity (SNCM) and 
spike nitrogen content at anthesis (SpNCA) as affected by tillage 
systems and stubble management practices. 
Source of Variation 
     LNCM SNCA 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 0.0105  0.0542  0.032  0.005  
Tillage System (TS) 2 0.1907 * 0.1529 ** 0.022 ns 0.048 ns 
Error-I 6 0.0301  0.0100  0.053  0.093  
Management (M) 5 0.4587 ** 0.3613 ** 0.162 * 0.109 ** 
Nitrogen (N) 1 1.6566 ** 1.3041 ** 0.592 ** 0.465 ** 
Stubble Management (SM) 2 0.3183 ** 0.2508 ** 0.106 ns 0.037 ns 
Removed (R) vs (B +I) [1] 0.5267 ** 0.3573 ** 0.145 ns 0.051 ns 
Burnt (B) vs Incorporated (I) [1] 0.1098 ** 0.1444 ** 0.066 ns 0.024 ns 
N x SM 2 0.0003 ns 0.0005 ns 0.003 ns 0.004 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.0004 ns 0.0001 ns 0.001 ns 0.007 ns 
(No-N vs N) x (B vs I) [1] 0.0002 ns 0.0009 ns 0.005 ns 0.001 ns 
TS x M 10 0.0025 ns 0.0015 ns 0.001 ns 0.004 ns 
TS x N [2] 0.0022 ns 0.0002 ns 0.001 ns 0.004 ns 
TS x SM [4] 0.0002 ns 0.0026 ns 0.001 ns 0.005 ns 
TS x N x SM [4] 0.0050 ns 0.0009 ns 0.001 ns 0.003 ns 
Error II 45 0.0141  0.0144  0.064  0.022  
Main Plot CV%  3.61  2.05 2.88  3.80  
Subplot CV%  3.96 3.94 5.05  2.97  
Source of Variation 
     SNCM SpNCA 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 0.030  0.042  0.012  0.066  
Tillage System (TS) 2 0.027 ns 0.026 ns 0.050 ns 0.092 ns 
Error-I 6 0.016  0.016  0.077  0.439  
Management (M) 5 0.184 ** 0.167 ** 0.222 * 0.307 * 
Nitrogen (N) 1 0.735 ** 0.717 ** 0.812 ** 1.063 ** 
Stubble Management (SM) 2 0.085 * 0.058 ns 0.126 ns 0.185 ns 
Removed (R) vs (B +I) [1] 0.122 ** 0.094 ns 0.202 ns 0.259 ns 
Burnt (B) vs Incorporated (I) [1] 0.048 ns 0.022 ns 0.051 ns 0.112 ns 
N x SM 2 0.007 ns 0.002 ns 0.023 ns 0.051 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.011 ns 0.001 ns 0.044 ns 0.089 ns 
(No-N vs N) x (B vs I) [1] 0.003 ns 0.002 ns 0.002 ns 0.014 ns 
TS x M 10 0.002 ns 0.001 ns 0.003 ns 0.004 ns 
TS x N [2] 0.005 ns 0.001 ns 0.006 ns 0.012 ns 
TS x SM [4] 0.002 ns 0.001 ns 0.001 ns 0.002 ns 
TS x N x SM [4] 0.001 ns 0.001 ns 0.003 ns 0.001 ns 
Error II 45 0.012  0.028  0.087  0.125  
Main Plot CV%  2.50  2.44 2.50  5.92  
Subplot CV%  3.42 5.08 4.24  5.05  
   
   184 
* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 63.  Mean squares for leaf nitrogen content at maturity (LNCM), stem 
nitrogen content at anthesis (SNCA), stem nitrogen content at 
maturity (SNCM) and spike nitrogen content at anthesis (SpNCA) 
as affected by tillage systems and stubble management practices 
over the years. 
 
 
 
 
 
 
 
Source of Variation      df LNCM SNCA SNCM SpNCA 
Years (Y) 1 0.0753 ns 0.005 ns 0.242 * 0.082 ns 
Reps within Y 6 0.0323  0.018  0.036  0.039  
Tillage System (TS) 2 0.3423 ** 0.068 ns 0.053 ns 0.138 ns 
Y x TS 2 0.0013 ns 0.003 ns 0.001 ns 0.004 ns 
Error 1 12 0.0201  0.073  0.016  0.258  
Management (M) 5 0.8159 ** 0.265 ** 0.350 ** 0.525 ** 
Nitrogen (N) 1 2.9502 ** 1.053 ** 1.452 ** 1.866 ** 
Stubble Management (SM) 2 0.5644 ** 0.134 * 0.141 ** 0.308 ns 
Removed (R) vs (B +I) [1] 0.8757 ** 0.183 * 0.215 ** 0.459 * 
Burnt (B) vs Incorporated(I) [1] 0.2530 ** 0.085 ns 0.067 ns 0.156 ns 
N x SM 2 0.0002 ns 0.002 ns 0.008 ns 0.071 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.0003 ns 0.003 ns 0.010 ns 0.129 ns 
(No-N vs N) x (B vs I) [1] 0.0002 ns 0.001 ns 0.005 ns 0.013 ns 
Y x M 5 0.0042 ns 0.006 ns 0.001 ns 0.005 ns 
Y*N 1 0.0105 ns 0.004 ns 0.001 ns 0.008 ns 
Y*SM [2] 0.0047 ns 0.009 ns 0.002 ns 0.004 ns 
Y*N*SM [2] 0.0005 ns 0.004 ns 0.001 ns 0.003 ns 
TS x M 10 0.0027 ns 0.003 ns 0.001 ns 0.005 ns 
TS x N [2] 0.0018 ns 0.004 ns 0.002 ns 0.014 ns 
TS x SM [4] 0.0017 ns 0.004 ns 0.002 ns 0.001 ns 
TS x N x SM  [4] 0.0042 ns 0.003 ns 0.001 ns 0.004 ns 
Y x TS x M 10 0.0013 ns 0.001 ns 0.001 ns 0.002 ns 
Y*TS*N [2] 0.0006 ns 0.001 ns 0.003 ns 0.004 ns 
Y*TS*SM [4] 0.0011 ns 0.002 ns 0.001 ns 0.002 ns 
Y*TS*N*SM [4] 0.0085 ns 0.010 ns 0.003 ns 0.010 ns 
Error II 90 0.0143  0.043  0.020  0.106  
Main Plot CV%  4.68 5.39 3.95 7.29  
Subplot CV%  3.95 4.14 4.35 4.67  
   
   185 
* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 64.  Mean squares for spike nitrogen content at maturity (SpNCM) and 
straw nitrogen content at maturity (Straw NCM) as affected by 
tillage systems and stubble management practices. 
Table 65.  Mean squares for grain nitrogen content at maturity (GNC) and 
nitrogen uptake by grain (NUpG) as affected by tillage systems and 
stubble management practices. 
Source of Variation 
     SpNCM Straw NCM 
df 2009-10  2010-11 2009-10 2010-11 
Replication 3 0.035  0.006  0.001  0.007  
Tillage System (TS) 2 0.323 ns 0.191 ns 0.163 ns 0.119 ns 
Error-I 6 0.125  0.495  0.089  0.033  
Management (M) 5 0.397 ns 0.399 ** 0.286 ** 0.308 ** 
Nitrogen (N) 1 1.456 ** 1.524 ** 1.009 ** 1.168 ** 
Stubble Management (SM) 2 0.264 ns 0.232 * 0.211 ns 0.173 * 
Removed (R) vs (B +I) [1] 0.336 ns 0.341 * 0.309 * 0.240 * 
Burnt (B) vs Incorporated (I) [1] 0.193 ns 0.124 ns 0.113 ns 0.106 ns 
N x SM 2 0.001 ns 0.004 ns 0.000 ns 0.012 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.001 ns 0.003 ns 0.000 ns 0.016 ns 
(No-N vs N) x (B vs I) [1] 0.001 ns 0.005 ns 0.000 ns 0.009 ns 
TS x M 10 0.005 ns 0.002 ns 0.001 ns 0.003 ns 
TS x N [2] 0.008 ns 0.004 ns 0.001 ns 0.005 ns 
TS x SM [4] 0.004 ns 0.001 ns 0.001 ns 0.003 ns 
TS x N x SM [4] 0.005 ns 0.001 ns 0.001 ns 0.003 ns 
Error II 45 0.165  0.059  0.062  0.045  
Main Plot CV%  1.69  3.34 3.66  2.15  
Subplot CV%  3.11 1.84 4.87  4.05  
Source of Variation 
 GNC NUpG 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 0.375  0.255  100.6  28.0  
Tillage System (TS) 2 2.035 ns 2.589 ns 431.4 ns 1261.4 ** 
Error-I 6 0.411  1.271  114.2  81.1  
Management (M) 5 3.135 ** 3.307 ** 955.4 ** 1000.3 ** 
Nitrogen (N) 1 11.644 ** 11.222 ** 3273.7 ** 3440.6 ** 
Stubble Management (SM) 2 1.630 ns 2.117 ns 603.5 ** 683.0 ** 
Removed (R) vs (B +I) [1] 2.557 * 2.903 ns 702.3 ** 989.4 ** 
Burnt (B) vs Incorporated (I) [1] 0.703 ns 1.332 ns 504.6 ** 376.5 ** 
N x SM 2 0.385 ns 0.539 ns 148.2 ns 97.4 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.287 ns 0.546 ns 155.9 ns 70.4 ns 
(No-N vs N) x (B vs I) [1] 0.483 ns 0.532 ns 140.5 ns 124.5 ns 
TS x M 10 0.040 ns 0.064 ns 41.9 ns 60.6 ns 
TS x N [2] 0.020 ns 0.044 ns 59.9 ns 161.6 * 
TS x SM [4] 0.023 ns 0.045 ns 36.8 ns 47.9 ns 
TS x N x SM [4] 0.067 ns 0.094 ns 37.9 ns 22.8 ns 
Error II 45 0.556  0.736  44.5  44.3  
Main Plot CV%  2.13  3.74 13.92  9.38  
Subplot CV%  3.97 4.55 13.89  11.10  
   
   186 
* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 66.  Mean squares for spike nitrogen content at maturity (SpNCM), 
straw nitrogen content at maturity (Straw NCM), grain nitrogen 
content at maturity (GNC) and nitrogen uptake by grain (NUpG) as 
affected by tillage systems and stubble management practices over 
the years. 
 
 
 
 
 
 
 
Source of Variation df 
SpNCM Straw 
NCM 
GNC NUpG 
Years (Y) 1 0.359 ** 0.845 ** 0.125 ns 5171.1 ** 
Reps within Y 6 0.020  0.004  0.315  64.3  
Tillage System (TS) 2 0.505 ns 0.279 * 4.592 * 1576.2 ** 
Y x TS 2 0.009 ns 0.003 ns 0.031 ns 116.6 ns 
Error 1 12 0.310  0.061  0.841  97.7  
Management (M) 5 0.795 ** 0.590 ** 6.426 ** 1950.3 ** 
Nitrogen (N) 1 2.980 ** 2.174 ** 22.864 ** 6713.2 ** 
Stubble Management (SM) 2 0.495 * 0.383 ** 3.720 ** 1278.0 ** 
Removed (R) vs (B +I) [1] 0.677 * 0.547 ** 5.454 ** 1679.4 ** 
Burnt (B) vs Incorporated(I) [1] 0.312 ns 0.219 * 1.985 ns 876.5 ** 
N x SM 2 0.004 ns 0.006 ns 0.913 ns 241.3 ** 
(No-N vs N) x [R vs (B + I)] [1] 0.004 ns 0.008 ns 0.812 ns 217.9 * 
(No-N vs N) x (B vs I) [1] 0.004 ns 0.003 ns 1.015 ns 264.7 * 
Y x M 5 0.001 ns 0.004 ns 0.016 ns 5.3 ns 
Y*N 1 0.001 ns 0.003 ns 0.002 ns 1.0 ns 
Y*SM [2] 0.002 ns 0.001 ns 0.028 ns 8.5 ns 
Y*N*SM [2] 0.001 ns 0.007 ns 0.011 ns 4.3 ns 
TS x M 10 0.004 ns 0.003 ns 0.088 ns 93.3 * 
TS x N [2] 0.010 ns 0.003 ns 0.061 ns 198.2 * 
TS x SM [4] 0.001 ns 0.002 ns 0.037 ns 77.2 ns 
TS x N x SM  [4] 0.003 ns 0.003 ns 0.154 ns 56.9 ns 
Y x TS x M 10 0.003 ns 0.002 ns 0.016 ns 9.2 ns 
Y*TS*N [2] 0.002 ns 0.002 ns 0.003 ns 23.3 ns 
Y*TS*SM [4] 0.004 ns 0.002 ns 0.031 ns 7.5 ns 
Y*TS*N*SM [4] 0.009 ns 0.009 ns 0.059 ns 29.6 ns 
Error II 90 0.112  0.053  0.646  44.4 
Main Plot CV%  4.24  4.77  4.87  18.30  
Subplot CV%  2.55  4.46  4.27  12.34  
   
   187 
* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 67.  Mean squares for nitrogen uptake by straw (NUpS) and total 
nitrogen uptake by wheat (TNUpW) as affected by tillage systems 
and stubble management practices. 
 Table 68.  Mean squares for nitrogen use efficiency of wheat (NUEW) and 
nitrogen uptake efficiency of wheat (NUpEW) as affected by tillage 
systems and stubble management practices. 
Source of Variation 
      NUpS TNUpW 
df 2009-10  2010-11 2009-10 2010-11 
Replication 3 11.83  14.75  171.3  75.4  
Tillage System (TS) 2 73.83 ** 228.72 * 861.6 * 2555.8 ** 
Error-I 6 4.54  22.67  161.2  168.2  
Management (M) 5 242.59 ** 276.14 ** 2159.3 ** 2312.2 ** 
Nitrogen (N) 1 828.94 ** 998.41 ** 7397.3 ** 8145.8 ** 
Stubble Management (SM) 2 163.51 ** 187.44 ** 1393.8 ** 1586.0 ** 
Removed (R) vs (B +I) [1] 211.80 ** 273.35 ** 1685.5 ** 2302.8 ** 
Burnt (B) vs Incorporated (I) [1] 115.21 ** 101.52 * 1102.0 ** 869.1 ** 
N x SM 2 28.50 ns 3.71 ns 305.9 * 121.6 ns 
(No-N vs N) x [R vs (B + I)] [1] 36.17 * 0.92 ns 342.3 * 55.2 ns 
(No-N vs N) x (B vs I) [1] 20.82 ns 6.50 ns 269.4 ns 187.9 ns 
TS x M 10 12.33 ns 2.22 ns 95.6 ns 74.2 ns 
TS x N [2] 4.85 ns 0.05 ns 96.2 ns 164.3 ns 
TS x SM [4] 17.92 ns 2.10 ns 105.0 ns 67.3 ns 
TS x N x SM [4] 10.49 ns 3.43 ns 85.9 ns 36.1 ns 
Error II 45 8.22 19.69  73.4  98.9 
Main Plot CV%  3.48  6.73 9.2  7.8  
Subplot CV%  7.50 10.03 9.9  9.5  
Source of Variation 
      NUEW NUpEW 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 49.0  12.6  44.0  10.0  
Tillage System (TS) 2 23.3 ns 83.1 ns 40.8 ns 39.9 ns 
Error-I 6 62.5  71.2  24.8  68.5  
Management (M) 5 3083.7 ** 5207.6 ** 94.3 ** 58.2 ns 
Nitrogen (N) 1 14905.0 ** 25320.3 ** 107.1 ** 32.6 ns 
Stubble Management (SM) [2] 104.8 * 155.3 ** 143.9 ** 95.8 * 
Removed (R) vs (B +I) [1] 144.2 ** 278.6 ** 139.0 ** 120.5 * 
Burnt (B) vs Incorporated (I) [1] 65.5 * 31.9 ns 148.7 ** 71.0 ns 
N x SM [2] 151.9 ** 203.6 ** 38.3 ns 33.3 ns 
(No-N vs N) x [R vs (B + I)] [1] 303.8 ** 407.2 ** 49.9 ns 29.0 ns 
(No-N vs N) x (B vs I) [1] 0.0 ns 0.0 ns 26.8 ns 37.7 ns 
TS x M 10 4.1 ns 8.2 ns 2.3 ns 5.1 ns 
TS x N [2] 2.8 ns 8.2 ns 0.1 ns 6.5 ns 
TS x SM [4] 5.9 ns 12.4 ns 2.0 ns 7.5 ns 
TS x N x SM [4] 3.0 ns 3.9 ns 3.7 ns 2.0 ns 
Error II 45 16.1  22.4  12.7  24.7  
Main Plot CV%  16.2  13.8 9.6  14.0  
Subplot CV%  13.2 12.3 11.0  13.5  
   
   188 
* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 69.  Mean squares for nitrogen uptake by straw (NUpS), total nitrogen 
uptake by wheat (TNUpW), nitrogen use efficiency of wheat 
(NUEW) and nitrogen uptake efficiency of wheat (NUpEW) as 
affected by tillage systems and stubble management practices over 
the years. 
 
 
 
 
 
 
 
 
Source of Variation df NUpS TNUpW NUEW NUpEW 
Years (Y) 1 1299.2 ** 11654.1 ** 2218.4 ** 718.5 ** 
Reps within Y 6 13.3  123.4  30.8  27.0  
Tillage System (TS) 2 280.9 ** 3181.1 ** 96.2 ns 74.2 ns 
Y x TS 2 21.7 ns 236.3 ns 10.2 ns 6.5 ns 
Error 1 12 13.6  164.7  66.8  46.6  
Management (M) 5 512.2 ** 4450.5 ** 8150.6 ** 124.8 ** 
Nitrogen (N) 1 1823.4 ** 15534.1 ** 39539.4 ** 10.8 ns 
Stubble Management (SM) 2 349.9 ** 2964.3 ** 253.1 ** 235.9 ** 
Removed (R) vs (B +I) [1] 483.2 ** 3964.3 ** 411.8 ** 259.2 ** 
Burnt (B) vs Incorporated(I) [1] 216.5 ** 1964.2 ** 94.4 * 212.7 ** 
N x SM 2 19.0 ns 394.9 * 353.6 ** 70.7 * 
(No-N vs N) x [R vs (B + I)] [1] 12.8 ns 336.2 ns 707.2 ** 77.5 * 
(No-N vs N) x (B vs I) [1] 25.3 ns 453.7 * 0.0 ns 64.0 ns 
Y x M 5 6.5 ns 21.0 ns 140.7 ** 27.7 ns 
Y*N 1 3.9 ns 9.0 ns 685.9 ** 129.0 * 
Y*SM [2] 1.1 ns 15.5 ns 7.0 ns 3.7 ns 
Y*N*SM [2] 13.2 ns 32.5 ns 1.9 ns 0.9 ns 
TS x M 10 8.8 ns 152.4 ns 7.8 ns 2.3 ns 
TS x N [2] 2.6 ns 245.8 ns 2.9 ns 2.7 ns 
TS x SM [4] 13.0 ns 153.2 ns 14.5 ns 2.1 ns 
TS x N x SM  [4] 7.8 ns 105.0 ns 3.6 ns 2.3 ns 
Y x TS x M 10 5.7 ns 17.4 ns 4.5 ns 5.2 ns 
Y*TS*N [2] 2.3 ns 14.8 ns 8.2 ns 3.9 ns 
Y*TS*SM [4] 7.1 ns 19.1 ns 3.7 ns 7.4 ns 
Y*TS*N*SM [4] 22.5 ns 69.8 ns 187.1 ** 47.5 * 
Error II 90 14.0  86.2  19.2  18.7  
Main Plot CV%  8.9 13.5 23.8 19.7  
Subplot CV%  9.1 9.7 12.7 12.5  
   
   189 
* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 70.  Mean squares for nitrogen utilization efficiency of wheat (NUtEW) 
and nitrogen harvest index of wheat (NHIW) as affected by tillage 
systems and stubble management practices. 
Table 71.  Mean squares for grain protein (GPW) and days to emergence 
(DE) as affected by tillage systems and stubble management 
practices. 
Source of Variation 
       NUtEW NHIW 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 1.18  1.76  9.50  1.15  
Tillage System (TS) 2 0.23 ns 2.22 ns 18.88 ns 28.32 ns 
Error-I 6 3.91  2.87  17.13  6.41  
Management (M) 5 0.14 ns 1.69 ns 28.06 ** 12.84 ns 
Nitrogen (N) 1 0.04 ns 5.13 ns 108.25 ** 35.94 * 
Stubble Management (SM) 2 0.31 ns 1.47 ns 12.50 ns 5.53 ns 
Removed (R) vs (B +I) [1] 0.36 ns 1.41 ns 12.89 ns 9.54 ns 
Burnt (B) vs Incorporated (I) [1] 0.27 ns 1.54 ns 12.11 ns 1.51 ns 
N x SM 2 0.02 ns 0.19 ns 3.52 ns 8.61 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.01 ns 0.32 ns 2.20 ns 10.66 ns 
(No-N vs N) x (B vs I) [1] 0.03 ns 0.06 ns 4.83 ns 6.55 ns 
TS x M 10 0.45 ns 1.07 ns 1.37 ns 4.10 ns 
TS x N [2] 0.50 ns 3.11 ns 3.09 ns 14.73 ns 
TS x SM [4] 0.09 ns 0.88 ns 0.71 ns 1.93 ns 
TS x N x SM [4] 0.78 ns 0.25 ns 1.18 ns 0.97 ns 
Error II 45 2.51  1.47 7.91 5.58  
Main Plot CV%  4.20  3.48 4.68  2.76  
Subplot CV%  5.38 3.99 5.09  4.12  
Source of Variation 
       GPW DE 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 0.147  0.100  5.667  0.611  
Tillage System (TS) 2 0.795 ns 1.011 ns 15.042 ns 5.542 * 
Error-I 6 0.161  0.496  5.486  0.653  
Management (M) 5 1.225 ** 1.292 ** 0.767 ns 0.033 ns 
Nitrogen (N) 1 4.549 ** 4.384 ** 0.500 ns 0.056 ns 
Stubble Management (SM) 2 0.637 ns 0.827 ns 1.542 ns 0.042 ns 
Removed (R) vs (B +I) [1] 0.999 * 1.134 ns 0.563 ns 0.000 ns 
Burnt (B) vs Incorporated (I) [1] 0.275 ns 0.520 ns 2.521 ns 0.083 ns 
N x SM 2 0.150 ns 0.211 ns 0.125 ns 0.014 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.112 ns 0.213 ns 0.063 ns 0.028 ns 
(No-N vs N) x (B vs I) [1] 0.189 ns 0.208 ns 0.188 ns 0.000 ns 
TS x M 10 0.016 ns 0.025 ns 0.208 ns 0.475 ns 
TS x N [2] 0.008 ns 0.017 ns 0.375 ns 0.264 ns 
TS x SM [4] 0.009 ns 0.017 ns 0.208 ns 0.708 ns 
TS x N x SM [4] 0.026 ns 0.037 ns 0.125 ns 0.347 ns 
Error II 45 0.217  0.287  0.802  2.350  
Main Plot CV%  2.13  3.74 12.92  4.70  
Subplot CV%  3.97 4.55 7.90  14.26  
   
   190 
* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
 Table 72.  Mean squares for nitrogen utilization efficiency of wheat (NUtEW), 
nitrogen harvest index of wheat (NHIW), grain protein (GPW) and 
days to emergence (DE) as affected by tillage systems and stubble 
management practices over the years. 
 
 
 
 
 
 
 
 
 
 
 
Source of Variation df NUtEW NHIW GPW     DE 
Years (Y) 1 37.39 ** 152.67 ** 0.049 ns 12.250 ns 
Reps within Y 6 1.47  5.33  0.123  3.139  
Tillage System (TS) 2 1.94 ns 45.90 * 1.794 * 18.146 * 
Y x TS 2 0.51 ns 1.31 ns 0.012 ns 2.438 ns 
Error 1 12 3.39  11.77  0.329  3.069  
Management (M) 5 0.84 ns 38.09 ** 2.510 ** 0.333 ns 
Nitrogen (N) 1 2.13 ns 134.47 ** 8.931 ** 0.444 ns 
Stubble Management (SM) 2 0.92 ns 16.70 ns 1.453 ** 0.563 ns 
Removed (R) vs (B +I) [1] 1.59 ns 22.30 ns 2.131 ** 0.281 ns 
Burnt (B) vs Incorporated(I) [1] 0.26 ns 11.10 ns 0.775 ns 0.844 ns 
N x SM 2 0.10 ns 11.30 ns 0.357 ns 0.049 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.11 ns 11.28 ns 0.317 ns 0.003 ns 
(No-N vs N) x (B vs I) [1] 0.09 ns 11.31 ns 0.396 ns 0.094 ns 
Y x M 5 0.99 ns 2.81 ns 0.006 ns 0.467 ns 
Y*N 1 3.04 ns 9.72 ns 0.001 ns 0.111 ns 
Y*SM [2] 0.86 ns 1.33 ns 0.011 ns 1.021 ns 
Y*N*SM [2] 0.11 ns 0.83 ns 0.004 ns 0.090 ns 
TS x M 10 0.97 ns 3.65 ns 0.035 ns 0.104 ns 
TS x N [2] 2.44 ns 13.61 ns 0.024 ns 0.007 ns 
TS x SM [4] 0.39 ns 0.81 ns 0.014 ns 0.115 ns 
TS x N x SM  [4] 0.82 ns 1.50 ns 0.060 ns 0.142 ns 
Y x TS x M 10 0.55 ns 1.83 ns 0.006 ns 0.579 ns 
Y*TS*N [2] 1.17 ns 4.21 ns 0.001 ns 0.632 ns 
Y*TS*SM [4] 0.58 ns 1.83 ns 0.012 ns 0.802 ns 
Y*TS*N*SM [4] 2.62 ns 8.09 ns 0.023 ns 2.031 ns 
Error II 90 1.99  6.75  0.252  1.576  
Main Plot CV%  6.15 6.10 4.87 15.87  
Subplot CV%  4.71 4.61 4.27 11.37  
   
   191 
* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 73.  Mean squares for days to boot stage (DBS) and days to anthesis 
(DA) as affected by tillage systems and stubble management 
practices. 
Table 74.  Mean squares for days to physiological maturity (DPM) and leaf 
area at anthesis (LAA) as affected by tillage systems and stubble 
management practices. 
Source of Variation 
        DBS DA 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 20.90  3.38  8.27  1.20  
Tillage System (TS) 2 11.29 ns 2.93 ns 14.43 ns 11.54 ns 
Error-I 6 6.29  21.75  44.97  46.91  
Management (M) 5 63.86 * 123.91 ** 72.05 * 72.53 * 
Nitrogen (N) 1 210.13 ** 475.35 ** 217.01 ** 280.06 ** 
Stubble Management (SM) 2 53.04 ns 31.85 ns 60.72 ns 36.29 ns 
Removed (R) vs (B +I) [1] 36.00 ns 23.36 ns 51.36 ns 22.56 ns 
Burnt (B) vs Incorporated (I) [1] 70.08 ns 40.33 ns 70.08 ns 50.02 ns 
N x SM 2 1.54 ns 40.26 ns 10.89 ns 5.01 ns 
(No-N vs N) x [R vs (B + I)] [1] 1.00 ns 28.44 ns 0.44 ns 2.51 ns 
(No-N vs N) x (B vs I) [1] 2.08 ns 52.08 ns 21.33 ns 7.52 ns 
TS x M 10 2.63 ns 1.75 ns 2.23 ns 0.63 ns 
TS x N [2] 1.79 ns 3.93 ns 4.68 ns 1.26 ns 
TS x SM [4] 3.90 ns 1.56 ns 2.74 ns 0.46 ns 
TS x N x SM [4] 1.77 ns 0.85 ns 0.49 ns 0.47 ns 
Error II 45 24.38 27.09  28.41  29.21 
Main Plot CV%  1.32  2.39  3.30  3.28  
Subplot CV%  4.15 4.26  4.19  4.14  
Source of Variation 
        DPM LAA 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 0.87  9.44  7.25  1.00  
Tillage System (TS) 2 24.06 ns 4.68 ns 1.89 ns 3.64 ns 
Error-I 6 78.80  71.51  19.52  3.44  
Management (M) 5 240.31 * 433.49 * 52.72 ** 52.29 ** 
Nitrogen (N) 1 903.13 ** 1720.89 ** 202.85 ** 212.80 ** 
Stubble Management (SM) 2 144.18 ns 219.56 ns 28.87 ns 24.13 ns 
Removed (R) vs (B +I) [1] 171.17 ns 277.78 ns 46.02 * 39.83 ns 
Burnt (B) vs Incorporated (I) [1] 117.19 ns 161.33 ns 11.71 ns 8.43 ns 
N x SM 2 5.04 ns 3.72 ns 1.52 ns 0.20 ns 
(No-N vs N) x [R vs (B + I)] [1] 7.56 ns 0.69 ns 1.23 ns 0.22 ns 
(No-N vs N) x (B vs I) [1] 2.52 ns 6.75 ns 1.81 ns 0.17 ns 
TS x M 10 0.79 ns 1.10 ns 0.14 ns 0.15 ns 
TS x N [2] 0.50 ns 0.01 ns 0.16 ns 0.22 ns 
TS x SM [4] 1.43 ns 1.26 ns 0.19 ns 0.22 ns 
TS x N x SM [4] 0.29 ns 1.47 ns 0.09 ns 0.05 ns 
Error II 45 98.16  169.52  10.15  11.50  
Main Plot CV%  3.55  3.23 11.44  4.71  
Subplot CV%  6.34 7.97 13.20  13.78  
   
   192 
* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 75.  Mean squares for days to boot stage (DBS), days to anthesi (DA), 
days to physiological maturity (DPM) and leaf area at anthesis (LAA) 
as affected by tillage systems and stubble management practices 
over the years. 
 
 
 
 
 
 
 
 
 
 
Source of Variation      df    DBS     DA     DPM      LAA 
Years (Y) 1 393.36 ** 444.51 ** 1813.34 ** 8.03 ns 
Reps within Y 6 12.14  4.74  5.16  4.12  
Tillage System (TS) 2 4.69 ns 24.42 ns 24.94 ns 5.39 ns 
Y x TS 2 9.53 ns 1.55 ns 3.80 ns 0.15 ns 
Error 1 12 14.02  45.94  75.16  11.48  
Management (M) 5 176.68 ** 142.99 ** 656.98 ** 104.83 ** 
Nitrogen (N) 1 658.78 ** 495.06 ** 2558.67 ** 415.59 ** 
Stubble Management (SM) 2 83.53 * 95.13 * 359.65 ns 52.88 ** 
Removed (R) vs (B +I) [1] 58.68 ns 71.00 ns 442.53 ns 85.75 ** 
Burnt (B) vs Incorporated(I) [1] 108.38 * 119.26 * 276.76 ns 20.01 ns 
N x SM 2 28.78 ns 14.81 ns 3.47 ns 1.39 ns 
(No-N vs N) x [R vs (B + I)] [1] 20.06 ns 2.53 ns 6.42 ns 1.25 ns 
(No-N vs N) x (B vs I) [1] 37.50 ns 27.09 ns 0.51 ns 1.54 ns 
Y x M 5 11.09 ns 1.59 ns 16.82 ns 0.19 ns 
Y*N 1 26.69 ns 2.01 ns 65.34 ns 0.06 ns 
Y*SM [2] 1.36 ns 1.88 ns 4.09 ns 0.12 ns 
Y*N*SM [2] 13.03 ns 1.09 ns 5.30 ns 0.32 ns 
TS x M 10 2.79 ns 2.15 ns 0.65 ns 0.14 ns 
TS x N [2] 5.36 ns 5.40 ns 0.34 ns 0.00 ns 
TS x SM [4] 2.74 ns 1.78 ns 1.15 ns 0.33 ns 
TS x N x SM  [4] 1.55 ns 0.90 ns 0.32 ns 0.01 ns 
Y x TS x M 10 1.59 ns 0.71 ns 1.23 ns 0.16 ns 
Y*TS*N [2] 0.36 ns 0.55 ns 0.17 ns 0.37 ns 
Y*TS*SM [4] 2.72 ns 1.42 ns 1.55 ns 0.08 ns 
Y*TS*N*SM [4] 17.83 ns 3.76 ns 24.11 ns 0.63 ns 
Error II 90 25.74  28.81  133.84  10.83  
Main Plot CV%  3.11 5.26 5.42 13.90  
Subplot CV%  4.21 4.17 7.24 13.50  
   
   193 
* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 76.  Mean squares for leaf area index (LAI) and leaves dry weight at 
anthesis (LDA) as affected by tillage systems and stubble 
management practices. 
 Table 77.  Mean squares for leaves dry weight at maturity (LDM) and flag leaf 
dry weight at anthesis (FLDA) as affected by tillage systems and 
stubble management practices. 
Source of Variation 
         LAI LDA 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 0.16  0.02  209.6  1125.5  
Tillage System (TS) 2 0.50 ns 1.24 * 3341.5 * 4787.8 ns 
Error-I 6 0.48  0.12  415.0  1103.2  
Management (M) 5 2.63 ** 3.28 ** 10590.3 ** 14193.1 ** 
Nitrogen (N) 1 9.57 ** 12.10 ** 37527.7 ** 49776.8 ** 
Stubble Management (SM) 2 1.65 * 2.03 ** 7503.8 ** 10218.8 ** 
Removed (R) vs (B +I) [1] 2.34 ** 3.18 ** 10863.1 ** 15580.6 ** 
Burnt (B) vs Incorporated (I) [1] 0.97 ns 0.89 ns 4144.6 * 4857.0 * 
N x SM 2 0.13 ns 0.11 ns 208.2 ns 375.5 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.04 ns 0.03 ns 31.5 ns 325.1 ns 
(No-N vs N) x (B vs I) [1] 0.23 ns 0.19 ns 384.8 ns 425.9 ns 
TS x M 10 0.05 ns 0.14 ns 231.1 ns 60.9 ns 
TS x N [2] 0.04 ns 0.24 ns 248.1 ns 46.9 ns 
TS x SM [4] 0.08 ns 0.14 ns 153.6 ns 31.0 ns 
TS x N x SM [4] 0.02 ns 0.09 ns 300.0 ns 97.9 ns 
Error II 45 0.24 0.29 690.4  772.1  
Main Plot CV%  12.90  5.91 8.5  11.7  
Subplot CV%  14.69 14.82 17.5  15.7  
Source of Variation 
         LDM FLDA 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 22.1  340.0  47.1  4.9  
Tillage System (TS) 2 450.6 ns 593.1 ns 484.6 ns 550.0 ** 
Error-I 6 210.8  204.7  105.2  43.4  
Management (M) 5 527.1 ** 869.8 ** 1808.3 ** 2253.3 ** 
Nitrogen (N) 1 1825.8 ** 3076.6 ** 7266.4 ** 9456.4 ** 
Stubble Management (SM) 2 382.3 ns 583.6 * 818.9 ** 896.6 ** 
Removed (R) vs (B +I) [1] 606.0 ns 971.2 * 1176.5 ** 1163.1 ** 
Burnt (B) vs Incorporated (I) [1] 158.5 ns 196.1 ns 461.4 ** 630.1 ** 
N x SM 2 22.6 ns 52.5 ns 68.6 ns 8.4 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.0 ns 20.1 ns 135.8 ns 16.8 ns 
(No-N vs N) x (B vs I) [1] 45.2 ns 84.8 ns 1.5 ns 0.1 ns 
TS x M 10 8.9 ns 6.6 ns 12.4 ns 50.6 ns 
TS x N [2] 14.6 ns 0.5 ns 0.4 ns 32.0 ns 
TS x SM [4] 5.5 ns 7.5 ns 1.6 ns 28.0 ns 
TS x N x SM [4] 9.5 ns 8.7 ns 29.1 ns 82.4 ns 
Error II 45 151.7  136.9  34.6  43.2  
Main Plot CV%  17.6  14.18 16.8  8.7  
Subplot CV%  23.9 18.56 15.4  13.8 
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* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 78.  Mean squares for leaf area index (LAI), leaves dry weight at 
anthesis (LDA), leaves dry weight at maturity (LDM) and flag leaf dry 
weight at anthesis (FLDA) as affected by tillage systems and stubble 
management practices over the years. 
 
 
 
 
 
 
 
 
 
  
Source of Variation df LAI LDA  LDM FLDA 
Years (Y) 1 3.23 ** 26339.2 ** 4707.8 ** 3138.1 ** 
Reps within Y 6 0.09  667.6  181.0  26.0  
Tillage System (TS) 2 1.65 * 8055.8 ** 1019.1 * 1021.8 ** 
Y x TS 2 0.09 ns 73.6 ns 24.6 ns 12.7 ns 
Error 1 12 0.30  759.1  207.7  74.3  
Management (M) 5 5.88 ** 24636.3 ** 1373.5 ** 4021.0 ** 
Nitrogen (N) 1 21.59 ** 86872.7 ** 4821.2 ** 16650.8 ** 
Stubble Management (SM) 2 3.67 ** 17609.6 ** 954.7 ** 1712.3 ** 
Removed (R) vs (B +I) [1] 5.49 ** 26231.6 ** 1555.7 ** 2339.5 ** 
Burnt (B) vs Incorporated(I) [1] 1.85 * 8987.6 ** 353.6 ns 1085.0 ** 
N x SM 2 0.24 ns 544.9 ns 68.6 ns 14.8 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.07 ns 279.6 ns 10.2 ns 28.5 ns 
(No-N vs N) x (B vs I) [1] 0.42 ns 810.2 ns 126.9 ns 1.0 ns 
Y x M 5 0.02 ns 147.1 ns 23.3 ns 40.6 ns 
Y*N 1 0.07 ns 431.8 ns 81.1 ns 72.0 ns 
Y*SM [2] 0.02 ns 113.1 ns 11.2 ns 3.3 ns 
Y*N*SM [2] 0.00 ns 38.8 ns 6.5 ns 62.3 ns 
TS x M 10 0.17 ns 253.3 ns 12.5 ns 43.7 ns 
TS x N [2] 0.23 ns 246.3 ns 8.2 ns 17.0 ns 
TS x SM [4] 0.22 ns 150.5 ns 11.6 ns 11.6 ns 
TS x N x SM  [4] 0.09 ns 359.6 ns 15.5 ns 89.1 ns 
Y x TS x M 10 0.02 ns 38.7 ns 3.0 ns 19.3 ns 
Y*TS*N [2] 0.05 ns 48.8 ns 7.0 ns 15.4 ns 
Y*TS*SM [4] 0.01 ns 34.1 ns 1.4 ns 18.1 ns 
Y*TS*N*SM [4] 0.08 ns 280.7 ns 36.7 ns 99.0 * 
Error II 90 0.27  731.3  144.3  38.9  
Main Plot CV%  15.62 16.8 25.1 20.1  
Subplot CV%  14.77 16.5 21.0 14.6  
   
   195 
* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 79.  Mean squares for flag leaf dry weight at maturity (FLDM) and stem 
dry weight at anthesis (SDA) as affected by tillage systems and 
stubble management practices.  
 Table 80.  Mean squares for stem dry weight at maturity (SDM) and peduncle 
dry weight at anthesis (PDA) as affected by tillage systems and 
stubble management practices. 
Source of Variation 
        FLDM SDA 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 470.2  859.0  89.3  2644.9  
Tillage System (TS) 2 2114.2 ** 2453.5 ** 856.8 ns 1944.3 ns 
Error-I 6 28.7  41.1  362.4  602.8  
Management (M) 5 2347.4 ** 2621.5 ** 2562.7 ** 5359.8 ** 
Nitrogen (N) 1 9370.9 ** 10474.1 ** 8856.9 ** 18511.0 ** 
Stubble Management (SM) 2 1161.2 ** 1294.1 ** 1897.2 * 4034.9 ** 
Removed (R) vs (B +I) [1] 1594.8 ** 1970.7 ** 2666.9 ** 6282.1 ** 
Burnt (B) vs Incorporated (I) [1] 727.5 ** 617.6 ** 1127.6 ns 1787.6 ns 
N x SM 2 21.9 ns 22.5 ns 81.2 ns 109.2 ns 
(No-N vs N) x [R vs (B + I)] [1] 43.7 ns 13.2 ns 38.7 ns 146.2 ns 
(No-N vs N) x (B vs I) [1] 0.1 ns 31.8 ns 123.7 ns 72.2 ns 
TS x M 10 12.0 ns 22.1 ns 60.6 ns 18.4 ns 
TS x N [2] 25.2 ns 42.3 ns 66.8 ns 17.6 ns 
TS x SM [4] 6.1 ns 14.7 ns 43.5 ns 29.4 ns 
TS x N x SM [4] 11.5 ns 19.4 ns 74.5 ns 7.9 ns 
Error II 45 21.0  24.7  321.5 526.2 
Main Plot CV%  8.8  8.6 4.6  5.3  
Subplot CV%  12.0 10.7 7.0  8.0  
Source of Variation 
          SDM PDA 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 340.6  5862.3  15.0  45.3 
Tillage System (TS) 2 5163.9 ns 11359.6 ns 112.6 ns 162.1 ns 
Error-I 6 2263.9  2539.5  24.8  35.9  
Management (M) 5 9424.9 ** 19162.8 ** 265.7 ** 333.9 ** 
Nitrogen (N) 1 31224.8 ** 67800.2 ** 953.6 ** 1233.9 ** 
Stubble Management (SM) 2 6791.0 * 12939.6 ** 180.9 * 207.5 ** 
Removed (R) vs (B +I) [1] 9614.8 ** 20541.6 ** 258.5 ** 299.6 ** 
Burnt (B) vs Incorporated (I) [1] 3967.2 ns 5337.6 ns 103.4 ns 115.5 ns 
N x SM 2 1158.8 ns 1067.3 ns 6.6 ns 10.2 ns 
(No-N vs N) x [R vs (B + I)] [1] 148.4 ns 1062.2 ns 5.1 ns 13.3 ns 
(No-N vs N) x (B vs I) [1] 2169.2 ns 1072.4 ns 8.0 ns 7.1 ns 
TS x M 10 98.9 ns 77.9 ns 2.7 ns 0.8 ns 
TS x N [2] 110.9 ns 84.1 ns 1.8 ns 0.4 ns 
TS x SM [4] 32.7 ns 94.4 ns 2.8 ns 0.5 ns 
TS x N x SM [4] 158.9 ns 58.4 ns 3.1 ns 1.4 ns 
Error II 45 1171.2  1623.0  31.1  37.6  
Main Plot CV%  7.1  6.4 11.6  11.6  
Subplot CV%  8.1 8.2 20.8  19.0  
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* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
 Table 81.  Mean squares for flag leaf dry weight at maturity (FLDM) and stem 
dry weight at anthesis (SDA), stem dry weight at maturity (SDM) and 
peduncle dry weight at anthesis (PDA) as affected by tillage systems  
 and stubble management practices over the years. 
 
 
 
 
 
 
 
 
 
 
Source of Variation df FLDM SDA SDM PDA 
Years (Y) 1 2554.6 ns 32317.5 ** 179581.0 ** 1047.8 ** 
Reps within Y 6 664.6  1367.1  3101.4  30.1  
Tillage System (TS) 2 4561.1 ** 2587.1 * 15576.7 * 268.2 ** 
Y x TS 2 6.6 ns 214.0 ns 946.8 ns 6.5 ns 
Error 1 12 34.9  482.6  2401.7  30.3  
Management (M) 5 4959.0 ** 7628.5 ** 27611.7 ** 597.4 ** 
Nitrogen (N) 1 19829.7 ** 26488.2 ** 95524.0 ** 2178.6 ** 
Stubble Management (SM) 2 2449.2 ** 5722.5 ** 19193.0 ** 388.0 ** 
Removed (R) vs (B +I) [1] 3555.5 ** 8567.6 ** 29131.8 ** 557.3 ** 
Burnt (B) vs Incorporated(I) [1] 1342.9 ** 2877.4 * 9254.2 * 218.7 * 
N x SM 2 33.3 ns 104.8 ns 2074.2 ns 16.3 ns 
(No-N vs N) x [R vs (B + I)] [1] 52.5 ns 17.2 ns 1002.4 ns 17.5 ns 
(No-N vs N) x (B vs I) [1] 14.2 ns 192.4 ns 3146.0 ns 15.1 ns 
Y x M 5 9.9 ns 294.0 ns 976.1 ns 2.2 ns 
Y*N 1 15.3 ns 879.7 ns 3501.1 ns 9.0 ns 
Y*SM [2] 6.1 ns 209.6 ns 537.7 ns 0.5 ns 
Y*N*SM [2] 11.1 ns 85.5 ns 151.9 ns 0.5 ns 
TS x M 10 30.8 ns 46.6 ns 152.1 ns 2.8 ns 
TS x N [2] 59.1 ns 7.9 ns 193.4 ns 1.5 ns 
TS x SM [4] 18.9 ns 55.6 ns 84.6 ns 2.1 ns 
TS x N x SM  [4] 28.7 ns 56.8 ns 198.9 ns 4.2 ns 
Y x TS x M 10 3.3 ns 32.4 ns 24.7 ns 0.7 ns 
Y*TS*N [2] 8.4 ns 76.5 ns 1.6 ns 0.8 ns 
Y*TS*SM [4] 1.8 ns 17.3 ns 42.6 ns 1.2 ns 
Y*TS*N*SM [4] 20.6 ns 448.6 ns 1281.9 ns 4.6 ns 
Error II 90 22.8  423.9  1397.1  34.4  
Main Plot CV%  14.0 8.1 10.7 18.7  
Subplot CV%  11.3 7.5 8.2 19.9  
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* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 82.  Mean squares for peduncle dry weight at maturity (PDM) and spike 
dry weight at anthesis (SpDA) as affected by tillage systems and 
stubble management practices. 
 Table 83.  Mean squares for spike dry weight at maturity (SpDM) and spike m-2 
as affected by tillage systems and stubble management practices. 
Source of Variation 
           PDM SpDA 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 16.9  171.7  148.6  755.0  
Tillage System (TS) 2 125.5 ns 119.2 ns 973.2 ** 1077.0 ns 
Error-I 6 67.3  66.0  27.7  288.3  
Management (M) 5 445.0 ** 596.0 ** 1050.1 ** 1959.6 ** 
Nitrogen (N) 1 1516.2 ** 2186.7 ** 3661.3 ** 6926.0 ** 
Stubble Management (SM) 2 328.2 ns 392.6 ** 758.3 * 1391.4 ** 
Removed (R) vs (B +I) [1] 476.6 * 589.3 ** 1054.0 * 2239.5 ** 
Burnt (B) vs Incorporated (I) [1] 179.8 ns 196.0 ns 462.6 ns 543.2 ns 
N x SM 2 26.1 ns 4.0 ns 36.4 ns 44.6 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.1 ns 7.5 ns 5.9 ns 80.8 ns 
(No-N vs N) x (B vs I) [1] 52.0 ns 0.5 ns 66.8 ns 8.3 ns 
TS x M 10 3.6 ns 2.1 ns 39.8 ns 5.6 ns 
TS x N [2] 1.9 ns 3.8 ns 79.6 ns 9.2 ns 
TS x SM [4] 1.6 ns 1.2 ns 38.5 ns 2.2 ns 
TS x N x SM [4] 6.3 ns 2.2 ns 21.4 ns 7.1 ns 
Error II 45 91.1  63.4  172.7  268.2 
Main Plot CV%  9.4  8.0  2.5  6.9  
Subplot CV%  17.5 12.5  10.0  10.6  
Source of Variation 
           SpDM Spike m-2 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 1883.7  24904.6  540.6  220.9  
Tillage System (TS) 2 24856.3 ns 30845.5 ns 1486.3 ns 2887.5 ** 
Error-I 6 10395.3  16574.7  704.5  245.0  
Management (M) 5 72933.4 ** 115896.7 ** 2298.6 ** 2266.9 ** 
Nitrogen (N) 1 249036.7 ** 413657.0 ** 8299.0 ** 7875.1 ** 
Stubble Management (SM) 2 49603.2 ns 82718.4 ** 1443.8 * 1675.3 ** 
Removed (R) vs (B +I) [1] 78828.1 * 136548.2 ** 1626.8 * 2550.3 ** 
Burnt (B) vs Incorporated (I) [1] 20378.3 ns 28888.6 ns 1260.8 * 800.3 * 
N x SM 2 8211.8 ns 194.9 ns 153.3 ns 54.3 ns 
(No-N vs N) x [R vs (B + I)] [1] 14885.0 ns 52.2 ns 173.4 ns 12.3 ns 
(No-N vs N) x (B vs I) [1] 1538.6 ns 337.7 ns 133.3 ns 96.3 ns 
TS x M 10 599.9 ns 305.7 ns 286.0 ns 379.8 * 
TS x N [2] 168.8 ns 778.0 ns 367.6 ns 959.4 ** 
TS x SM [4] 436.7 ns 22.1 ns 282.4 ns 170.5 ns 
TS x N x SM [4] 978.8 ns 353.2 ns 248.8 ns 299.4 ns 
Error II 45 13477.1 14364.6  227.2  177.7  
Main Plot CV%  6.9  7.9 6.4  3.5  
Subplot CV%  12.6 11.7 5.8  4.8  
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* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
 Table 84.  Mean squares for peduncle dry weight at maturity (PDM) and spike 
dry weight at anthesis (SpDA), spike dry weight at maturity (SpDM) 
and spike m-2 as affected by tillage systems and stubble 
management practices over the years. 
 
 
 
 
 
 
 
 
Source of Variation df PDM SpDA SpDM Spike m-2 
Years (Y) 1 2980.8 ** 20196.6 ** 335577.2 ** 11377.8 ** 
Reps within Y 6 94.3  451.8  13394.1  380.8  
Tillage System (TS) 2 243.7 ns 1988.2 ** 54543.8 * 4138.2 ** 
Y x TS 2 1.0 ns 62.0 ns 1158.0 ns 235.7 ns 
Error 1 12 66.7  158.0  13485.0  474.8  
Management (M) 5 1029.0 ** 2928.6 ** 184530.1 ** 4539.8 ** 
Nitrogen (N) 1 3672.2 ** 10329.4 ** 652307.5 ** 16171.4 ** 
Stubble Management (SM) [2] 719.3 ** 2093.7 ** 130166.8 ** 3080.2 ** 
Removed (R) vs (B +I) [1] 1063.0 ** 3183.2 ** 211437.1 ** 4125.3 ** 
Burnt (B) vs Incorporated(I) [1] 375.6 * 1004.2 * 48896.6 ns 2035.0 ** 
N x SM 2 17.1 ns 63.1 ns 5004.7 ns 183.5 ns 
(No-N vs N) x [R vs (B + I)] [1] 2.8 ns 65.1 ns 8350.4 ns 138.9 ns 
(No-N vs N) x (B vs I) [1] 31.3 ns 61.2 ns 1658.9 ns 228.2 ns 
Y x M 5 11.9 ns 81.1 ns 4300.0 ns 25.7 ns 
Y*N 1 30.6 ns 257.9 ns 10386.1 ns 2.8 ns 
Y*SM [2] 1.6 ns 56.0 ns 2154.8 ns 38.9 ns 
Y*N*SM [2] 13.0 ns 17.8 ns 3402.1 ns 24.1 ns 
TS x M 10 3.7 ns 27.7 ns 597.6 ns 603.0 ** 
TS x N [2] 2.4 ns 55.6 ns 199.6 ns 1163.6 ** 
TS x SM [4] 1.9 ns 23.0 ns 265.1 ns 400.9 ns 
TS x N x SM  [4] 6.1 ns 18.4 ns 1129.0 ns 524.8 * 
Y x TS x M 10 2.0 ns 17.7 ns 308.1 ns 62.8 ns 
Y*TS*N [2] 3.2 ns 33.2 ns 747.1 ns 163.4 ns 
Y*TS*SM [4] 0.9 ns 17.7 ns 193.6 ns 52.0 ns 
Y*TS*N*SM [4] 19.9 ns 145.7 ns 6145.2 ns 189.3 ns 
Error II 90 77.2  220.4  13920.9  202.5  
Main Plot CV%  13.8 8.8 11.9 8.1  
Subplot CV%  14.9 10.4 12.1 5.3  
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* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 85.  Mean squares for grans spike-1 and 1000 grain weight (1000GW) as 
affected by tillage systems and stubble management practices. 
Table 86.  Mean squares for biological yield (BY) and grain yield (GY) as 
affected by tillage systems and stubble management practices. 
Source of Variation 
Grans spike-1 1000GW 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 5.80  8.09  3.34  10.97  
Tillage System (TS) 2 36.65 ns 62.32 ** 111.89 * 9.92 ns 
Error-I 6 9.81  5.26  15.41  3.88  
Management (M) 5 79.05 ** 82.59 ** 88.97 ** 158.82 ** 
Nitrogen (N) 1 274.60 ** 302.62 ** 315.21 ** 729.67 ** 
Stubble Management (SM) 2 56.08 ** 53.26 ** 59.23 ** 31.99 ** 
Removed (R) vs (B +I) [1] 71.08 ** 85.50 ** 97.90 ** 41.82 ** 
Burnt (B) vs Incorporated (I) [1] 41.09 ** 21.01 * 20.56 * 22.17 * 
N x SM 2 4.25 ns 1.91 ns 5.59 ns 0.21 ns 
(No-N vs N) x [R vs (B + I)] [1] 2.76 ns 3.76 ns 11.06 ns 0.40 ns 
(No-N vs N) x (B vs I) [1] 5.73 ns 0.06 ns 0.12 ns 0.03 ns 
TS x M 10 3.62 ns 4.05 ns 3.32 ns 0.82 ns 
TS x N [2] 3.15 ns 2.86 ns 9.06 ns 0.24 ns 
TS x SM [4] 3.08 ns 3.16 ns 2.60 ns 1.39 ns 
TS x N x SM [4] 4.39 ns 5.53 ns 1.18 ns 0.55 ns 
Error II 45 5.55  3.85  3.27  3.75  
Main Plot CV%  4.68  3.20  5.07  2.21  
Subplot CV%  5.64 4.39  3.73  3.47  
Source of Variation 
            BY GY 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 1090376  727684  221725  110150  
Tillage System (TS) 2 3855220 ns 15393347 * 809408 ns 2641428 ** 
Error-I 6 1309903  1764706  273807  153573  
Management (M) 5 13173187 ** 13341239 ** 1893145 ** 1839997 ** 
Nitrogen (N) 1 45012653 ** 47007824 ** 6511572 ** 6500950 ** 
Stubble Management (SM) 2 8340287 ** 9357030 ** 1207496 ** 1222261 ** 
Removed (R) vs (B +I) [1] 10142633 ** 13971398 ** 1361133 ** 1831837 ** 
Burnt (B) vs Incorporated(I) [1] 6537942 ** 4742661 * 1053860 ** 612686 * 
N x SM 2 2086354 * 492155 ns 269580 ns 127255 ns 
(No-N vs N) x [R vs (B + I)] [1] 2553870 * 20977 ns 286037 ns 75101 ns 
(No-N vs N) x (B vs I) [1] 1618838 * 963333 ns 253122 ns 179409 ns 
TS x M 10 829451 * 327217 ns 93147 ns 138381 ns 
TS x N [2] 458912 ns 415161 ns 112752 ns 342392 * 
TS x SM [4] 1141084 * 385855 ns 83286 ns 125798 ns 
TS x N x SM [4] 703089 ns 224607 ns 93204 ns 48958 ns 
Error II 45 398343  852360  102827  98216  
Main Plot CV%  7.14  7.18 12.86  7.73  
Subplot CV%  6.30 7.99 12.61  9.89  
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* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
 
Table 87.  Mean squares for grans spike-1, 1000 grain weight (1000GW), 
biological yield (BY) and grain yield (GY) as affected by tillage 
systems and stubble management practices over the years. 
 
 
 
 
 
 
 
Source of Variation 
df 
Grans 
spike-1 
1000GW BY GY 
Years (Y) 1 307.07 ** 1942.65 ** 85633431 ** 14145330 ** 
Reps within Y 6 6.94  7.15  909030  165937  
Tillage System (TS) 2 96.53 ** 93.99 ** 17275034 ** 3166211 ** 
Y x TS 2 2.45 ns 27.82 ns 1973533 ns 284625 ns 
Error 1 12 7.54  9.64  1537304  213690  
Management (M) 5 160.70 ** 237.28 ** 26247643 ** 3716274 ** 
Nitrogen (N) 1 576.88 ** 1002.02 ** 92009661 ** 13012520 ** 
Stubble Management (SM) 2 108.34 ** 88.28 ** 17584898 ** 2406173 ** 
Removed (R) vs (B +I) [1] 156.25 ** 133.84 ** 23961080 ** 3175527 ** 
Burnt (B) vs Incorporated(I) [1] 60.44 ** 42.72 ** 11208717 ** 1636819 ** 
N x SM 2 4.98 ns 3.92 ns 2029378 * 378251 * 
(No-N vs N) x [R vs (B + I)] [1] 6.48 ns 7.83 ns 1518879 ns 327136 ns 
(No-N vs N) x (B vs I) [1] 3.47 ns 0.02 ns 2539877 * 429367 * 
Y x M 5 0.94 ns 10.50 * 266783 ns 16868 ns 
Y*N 1 0.34 ns 42.86 ** 10816 ns 2 ns 
Y*SM [2] 1.00 ns 2.95 ns 112419 ns 23585 ns 
Y*N*SM [2] 1.18 ns 1.88 ns 549131 ns 18583 ns 
TS x M 10 6.87 ns 2.42 ns 907152 ns 205752 * 
TS x N [2] 5.72 ns 6.05 ns 835531 ns 398263 * 
TS x SM [4] 5.48 ns 2.12 ns 1239474 ns 185769 ns 
TS x N x SM  [4] 8.84 ns 0.90 ns 610641 ns 129481 ns 
Y x TS x M 10 0.80 ns 1.72 ns 249516 ns 25775 ns 
Y*TS*N [2] 0.28 ns 3.25 ns 38543 ns 56881 ns 
Y*TS*SM [4] 0.76 ns 1.86 ns 287465 ns 23316 ns 
Y*TS*N*SM [4] 3.17 ns 17.44 ** 957270 ns 85522 ns 
Error II 90 4.70  3.51  625351  100521  
Main Plot CV%  6.34 5.96 11.49 16.19  
Subplot CV%  5.01 3.60 7.33 11.10  
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* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 88.  Mean squares for straw yield (SY) and harvest index (HI) as affected 
by tillage systems and stubble management practices. 
Table 89.  Mean squares for emergence m-2 and tillers m-2 as affected by 
tillage systems and stubble management practices. 
Source of Variation 
Straw yield                HI 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 372824  362528  4.36  2.18  
Tillage System (TS) 2 1138880 ns 5370387 * 12.35 ns 18.95 * 
Error-I 6 457498  983505  6.66  2.18  
Management (M) 5 5084115 ** 5301106 ** 18.25 ** 8.47 ** 
Nitrogen (N) 1 17283716 ** 18546193 ** 68.85 ** 30.76 ** 
Stubble Management (SM) 2 3207317 ** 3815677 ** 10.38 ns 4.36 ns 
Removed (R) vs (B +I) [1] 4072623 ** 5685266 ** 10.54 ns 7.43 ns 
Burnt (B) vs Incorporated (I) [1] 2342011 ** 1946088 * 10.21 ns 1.28 ns 
N x SM 2 861112 * 163990 ns 0.83 ns 1.45 ns 
(No-N vs N) x [R vs (B + I)] [1] 1130520 * 16696 ns 0.47 ns 1.90 ns 
(No-N vs N) x (B vs I) [1] 591704 ns 311285 ns 1.19 ns 0.99 ns 
TS x M 10 392796 * 72211 ns 0.77 ns 2.44 ns 
TS x N [2] 124166 ns 6120 ns 1.39 ns 7.63 * 
TS x SM [4] 615182 ** 72725 ns 0.23 ns 1.46 ns 
TS x N x SM [4] 304725 ns 104742 ns 1.00 ns 0.83 ns 
Error II 45 159810  460694 3.75 2.06 
Main Plot CV%  5.65  7.39  6.41  3.38  
Subplot CV%  5.35 8.09  7.69  5.26  
Source of Variation 
             Emergence m-2 Tillers m-2 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 22.01 12.13  548.8 145.4  
Tillage System (TS) 2 131.17 ns 117.17 ns 1553.1 ns 3968.4 ** 
Error-I 6 48.00  45.22  524.9  262.5  
Management (M) 5 22.96 ns 65.96 * 2540.4 ** 3533.5 ** 
Nitrogen (N) 1 36.13 ns 308.35 ** 8192.0 ** 11001.4 ** 
Stubble Management (SM) 2 21.29 ns 10.29 ns 1822.8 ** 2972.7 ** 
Removed (R) vs (B +I) [1] 14.06 ns 18.06 ns 2312.0 ** 4312.1 ** 
Burnt (B) vs Incorporated (I) [1] 28.52 ns 2.52 ns 1333.5 ** 1633.3 ** 
N x SM 2 18.04 ns 0.43 ns 432.1 ns 360.4 ns 
(No-N vs N) x [R vs (B + I)] [1] 10.56 ns 0.34 ns 517.6 ns 160.4 ns 
(No-N vs N) x (B vs I) [1] 25.52 ns 0.52 ns 346.7 ns 560.3 ns 
TS x M 10 8.75 ns 3.45 ns 240.0 ns 497.9 * 
TS x N [2] 10.17 ns 16.22 ns 273.0 ns 805.7 * 
TS x SM [4] 6.46 ns 0.40 ns 316.7 ns 462.4 ns 
TS x N x SM [4] 10.33 ns 0.12 ns 146.8 ns 379.4 ns 
Error II 45 22.58  21.39  179.3  209.5  
Main Plot CV%  4.96  4.67 5.17  3.42  
Subplot CV%  5.44 5.14 4.83  4.89  
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* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 90.  Mean squares for straw yield (SY), harvest index (HI), emergence 
m-2 (E m-2) and tillers m-2 (T m-2) as affected by tillage systems and 
stubble management practices over the years. 
 
 
 
 
 
 
 
 
 
Source of Variation df SY HI E m-2 T m-2 
Years (Y) 1 30170913 ** 160.77 ** 272.25 ** 12731.4 ** 
Reps within Y 6 367676  3.27  17.07  347.1  
Tillage System (TS) 2 5718092 ** 29.89 * 247.00 * 5187.8 ** 
Y x TS 2 791175 ns 1.41 ns 1.33 ns 333.8 ns 
Error 1 12 720502  4.42  46.61  393.7  
Management (M) 5 10221082 ** 25.47 ** 70.80 * 6008.1 ** 
Nitrogen (N) 1 35818784 ** 95.83 ** 277.78 ** 19090.0 ** 
Stubble Management (SM) 2 6984870 ** 13.60 * 28.00 ns 4714.4 ** 
Removed (R) vs (B +I) [1] 9690799 ** 17.84 * 32.00 ns 6469.5 ** 
Burnt (B) vs Incorporated(I) [1] 4278941 ** 9.37 ns 24.00 ns 2959.3 ** 
N x SM 2 658444 ns 2.15 ns 10.11 ns 760.7 * 
(No-N vs N) x [R vs (B + I)] [1] 436221 ns 2.13 ns 3.56 ns 627.2 ns 
(No-N vs N) x (B vs I) [1] 880666 ns 2.18 ns 16.67 ns 894.3 * 
Y x M 5 164138 ns 1.26 ns 18.12 ns 65.8 ns 
Y*N 1 11124 ns 3.79 ns 66.69 ns 103.4 ns 
Y*SM [2] 38124 ns 1.13 ns 3.58 ns 81.1 ns 
Y*N*SM [2] 366659 ns 0.12 ns 8.36 ns 31.8 ns 
TS x M 10 281242 ns 2.21 ns 7.38 ns 688.6 ** 
TS x N [2] 81846 ns 6.76 ns 21.36 ns 1001.1 ** 
TS x SM [4] 477820 ns 0.74 ns 3.25 ns 749.2 ** 
TS x N x SM  [4] 184361 ns 1.39 ns 4.51 ns 471.7 ns 
Y x TS x M 10 183765 ns 1.01 ns 4.83 ns 49.3 ns 
Y*TS*N [2] 48439 ns 2.27 ns 5.03 ns 77.6 ns 
Y*TS*SM [4] 210088 ns 0.95 ns 3.60 ns 29.9 ns 
Y*TS*N*SM [4] 664585 ns 4.10 ns 34.71 ns 205.6 ns 
Error II 90 310252  2.91  21.99  194.4  
Main Plot CV%  10.70 8.01 7.70 6.92  
Subplot CV%  7.02 6.50 5.29 4.87  
   
   203 
* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 91.  Mean squares for plant height and lodging score as affected by 
tillage systems and stubble management practices. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source of Variation 
Plant height Lodging score 
df 2009-10 2010-11 2009-10 2010-11 
Replication 3 3.26  2.46  0.077  0.048  
Tillage System (TS) 2 2.77 ns 1.29 ns 0.032 ns 0.027 ns 
Error-I 6 19.38  26.29  0.059  0.013  
Management (M) 5 47.41 ** 55.03 ** 0.019 ns 0.012 ns 
Nitrogen (N) 1 181.13 ** 224.01 ** 0.011 ns 0.031 ns 
Stubble Management (SM) 2 27.68 ns 25.29 ns 0.015 ns 0.010 ns 
Removed (R) vs (B +I) [1] 48.77 * 42.25 * 0.010 ns 0.020 ns 
Burnt (B) vs Incorporated (I) [1] 6.60 ns 8.33 ns 0.021 ns 0.000 ns 
N x SM 2 0.28 ns 0.26 ns 0.026 ns 0.004 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.05 ns 0.44 ns 0.023 ns 0.006 ns 
(No-N vs N) x (B vs I) [1] 0.52 ns 0.08 ns 0.030 ns 0.002 ns 
TS x M 10 0.20 ns 0.04 ns 0.025 ns 0.033 ns 
TS x N [2] 0.13 ns 0.10 ns 0.047 ns 0.083 ns 
TS x SM [4] 0.10 ns 0.02 ns 0.021 ns 0.018 ns 
TS x N x SM [4] 0.34 ns 0.03 ns 0.017 ns 0.022 ns 
Error II 45 10.06  10.30  0.021  0.026  
Main Plot CV%  2.66  3.08  22.44  10.15  
Subplot CV%  3.07 3.09  21.11  22.80  
   
   204 
* = Significant at p<0.05, ** = Significant at p<0.01, ns = non-significant 
 
Table 92.  Mean squares for plant height and lodging score as affected by 
tillage systems and stubble management practices over the years. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Source of Variation Df Plant height Lodging score 
Years (Y) 1 8.80 ns 0.034 ns 
Reps within Y 6 2.86  0.063  
Tillage System (TS) 2 3.85 ns 0.005 ns 
Y x TS 2 0.21 ns 0.054 ns 
Error 1 12 22.83  0.036  
Management (M) 5 102.00 ** 0.022 ns 
Nitrogen (N) 1 404.01 ** 0.040 ns 
Stubble Management (SM) 2 52.89 ** 0.019 ns 
Removed (R) vs (B +I) [1] 90.90 ** 0.029 ns 
Burnt (B) vs Incorporated(I) [1] 14.88 ns 0.008 ns 
N x SM 2 0.10 ns 0.017 ns 
(No-N vs N) x [R vs (B + I)] [1] 0.10 ns 0.025 ns 
(No-N vs N) x (B vs I) [1] 0.09 ns 0.008 ns 
Y x M 5 0.44 ns 0.008 ns 
Y*N 1 1.14 ns 0.003 ns 
Y*SM [2] 0.08 ns 0.007 ns 
Y*N*SM [2] 0.45 ns 0.013 ns 
TS x M 10 0.12 ns 0.041 ns 
TS x N [2] 0.01 ns 0.106 ns 
TS x SM [4] 0.02 ns 0.029 ns 
TS x N x SM  [4] 0.27 ns 0.021 ns 
Y x TS x M 10 0.13 ns 0.017 ns 
Y*TS*N [2] 0.21 ns 0.023 ns 
Y*TS*SM [4] 0.10 ns 0.011 ns 
Y*TS*N*SM [4] 0.87 ns 0.052 ns 
Error II 90 10.18  0.023  
Main Plot CV%  4.61 27.46 
Subplot CV%  3.08 22.01 
